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SrR, 

Im  an  age  like  the  present,  when  the  rich  and  the 
powerful  identify  their  interests  with  the  welfare  of  the 
poor  and  uninformed,  when  the  wise  and  the  good  com- 
bine in  furthering  the  diffusion  of  sound  principles  and 
useful  knowledge  among  those  who  constitute  the  most 
important,  though  hitherto  the  most  neglected,  portion  of 
the  community,  there  is  not  one  who  can  view  the  future 
in  the  past  hut  must  anticipate  with  such  data  before 
liim»  a  change  as  brilliant  in  its  effects,  as  it  is  honour- 

I   The  advanced  state  of  science,  and  the  comprehen- 

Ire   views   of  a  just  and  liberal   pliilosophy*  animate 

Pbse   who  for  many  years  have  compared  theory  witli 

^^practice  to  come  forward  in  tlie  hope  of  being  ablu  to 

H  offer  somctliing  in  aid  of  the  common  cause. 


IV  ^  DEDICATION. 

Such  feelings,  Sir,  have  encouraged  me  to  publish  the 
following  pages,  which,  as  an  earnest  of  their  future  suc- 
cess, I  am  permitted  to  dedicate  to  yourself. 

A  Work  of  this  kind,  combining  in  the  most  condensed 
form  the  acknowledged  princiojies  and  recent  improve- 
ments in  Mechanical  Science,  and  professing  to  be 
adapted  in  every  possible  way  to  the  use  of  the  Me- 
chanic and  Machinist,  could  not  well  find  a  Patron  more 
congenial  to  its  Spirit  than  one^  who,  during  a  long 
series  of  years,  has  laboured  with  no  common  devotion 
in  promoting  their  benefit. 

I  am, 

SlR« 

Your  most  obedient,  and 

much  obliged  humble  Servant, 

JOHN  NICHOLSON. 
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at  all  times  important  in 
more  particularly  iu  lliose  parts  which  have  to  sus- 
tain tbs  greatest  force,  or  put  the  whole  of  the  other  parts 
of  the  machinery  in  motion,  we  have,  next  to  the  Moving 
Powers,  inserted  a  letter  from  Mr.  Rennie,  jun,  to  Dr. 
YooNo,  describing  a  series  of  very  satisfactory  experi- 
ments made  on  this  subject. 

A  description  of  Hvdraulic  Engines  next  follows  i 
and  these  are  succeeded  by  certain  Simple  MACiiiNES 
actmg  as  accessories  to  our  manufactures.  So  that,  by  the 
lime  tlie  reader  has  advanced  thus  far,  he  will  have  be- 
come so  thoroughly  intimate  witli  machinery,  as  easily 
to  comprehend  and  appreciate  the  several  excellencies 
of  our  Staple  Manufactures,  which  are  next  unfolded 
to  bis  view. 

The  whole  was  intended  to  be  concluded  witli  an  ex- 
amination of  tliose  arts  termed  Manual,  in  a  Treatise 
on  the  Art  of  Duildino;  except,  indeed,  with  the 
addition  of  an  Appendix,  containing  a  short  and  concise 
treatise  on  Practical  Geometry  and  Mensuration, 
with  a  Collection  of  approved  Receipts,  and  a  Glos* 
BARY  ;  but  the  interest  which  has  lately  been  excited  re^ 
specting  Railways  and  Locomotive  Engines  has  led 
to  the  extension  of  the  Work,  about  thirty  pages,  witli  an 
article  on  those  construetions. 

Although  there  are  several  very  excellent  treatises  on 
Mechanics  and  Milt-work  now  extant,  yet,  presuming 
on  an  arrangement  widely  diflTerent  to  tliat  of  otliera,  by 
which  tlie  least  erudite  and  most  inexperienced  may  ac- 
quire sometliing  more  tlian  a  mere  Superficial  Knowledge 
of  Machinery,  die  Author  trusts  that  the  following  pages 
will  meet  wiUi  a  favourable  reception. 
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PREFACE. 


Ill  the  course  of  his  labours  he  lias  derived  mate- 
rial assistance  from  many  of  his  scientific  friends,  to 
whom  he  thus  publicly  expresses  his  acknowledgments  ; 
and  more  particularly  to  ttiat  Gentleman  to  whom  the 
votume  is  dedicated.  ^ 

In  a  Work  of  such  a  nature  it  is  generally  understood 
that  extracts  are  justified,  as  the  description  of  many 
things  not  new  are  requisite,  and  tlie  language  could  not 
in  general  be  improved.  In  such  cases,  however,  the 
authority  has,  in  general,  been  acknowledged,  and  in  a 
way  calculated  to  advance  the  honour  and  interest  of 
every  improver  and  discoverer. 

The  volume  in  its  design  and  execution  is  offered  as  a 
companion  to  the  woukshop,  consequently  abstract^ 
and  theoretical  principles  have  been  allowed  to  mingle 
no  further  than  lias  been  indispensably  necessary  to  the 
perfect  illustration  of  the  use  and  application  of  the 
object  described.  The  Work  has,  therefore,  no  simi* 
larity  to  tlie  Mathematical  Illustrations  of  Wood^  Gre- 
gory, or  Emerson,  each  of  which,  and  more  particu-^ 
larly  that  of  Dr.  Olinthus  Guegory,  deserves  to  be 
spoken  of  with  great  respect.  ■ 

A  Book  comprehensive  and  practical,  embracing  thc^ 
whole  subject  as  living  and  contemporaneous,  and  as 
connected  with  private  profit  and  public  glory,  instruc- 
tive to  individuals  and  illustrative  of  the  genius  of  the 
age  in  its  best  direction,  has  been  tlic  object  of  the 
Author,  and  he  hopes  he  has  not  laboured  in  vain. 


L6ni>o 
March,  I 
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DESCRIPTION  OF  THE  FRONTISPIECE. 


I 

I 
I 


This  Plate  represents  a  front  view  of  a  Stcam-Engine  con- 
nected with  a  Sugar-Mill,  as  constructed  by  Messrs.  Taylor 
and  Martineau,  who  have  kiudly  permitted  our  draftsmati 
to  make  a  drawing  of  it. 

This  Engine,  being  only  twelve  times  larger  than  the 
drawing,  is,  from  its  compactness  and  simplicity  of  con- 
struction, peculiarly  applicable  to  most  of  the  manufactures 
round  the  metropolis,  where  power  of  a  moderate  amount 
is  in  general  ref|uired. 

ft  works  horizontally,  at  from  30  to  40lbs.  pressure  pef 
square  inch,  without  condenser,  having  metallic  pistons 
and  slide-valves,  and  only  requires  eight  screw-bolts  to 
fasten  it  to  oak  sleepers,  or  frame-work  of  moderate  scant- 
ling. 

Ail  a  rrank  counseled  with  tlic  piston-rtKl,  wliicli,  m  it  \rorka  in  the 
cyUnUfr  UoriKontallv,  caiin»it  be  fieen.  B  is  the  cyJinder.  into  wliieh 
•ieftin  ii  admitted  from  the  boiJt'r,  bv  means  of  the  pine  C  C  C  The 
junount  of  steam  flouino;  InU*  tlic  cylinder  is  resfulaitea  by  the  tlirottle 
ralye  at  D,  which  is  oi>cned  and  abut  at  proper  intervals  by  the  rod  E  E 
E.  F  F  i»  the  ^overmir,  or  reirulator*  conaistini^  <jf  tww  heavy  balls, 
with  the  ilidinif  eollar  Ot  «iispe)ide4  from  the  top  ot  a  vertical  spinille  6  b, 
at  the  axiH  c.  This  spindle  is  connecteil  w  ith  the  main  shaft,  by  a  strap 
paxHin^  over  theshecrea  orpiilliea,  G  G  <1,  which  cadse  it  to  revolve  ;  and 
a«  itR  lipped  varies  with  that  of  the  main  shaft,  the  g-ovemoRi  F  F,  ae- 
rordinsf  aa  ita  speed  increascH  or  decreases,  have  a  tendency  either  to  fly 
from,  or  approach  to,  tlie  spindle,  TJiis  rise  or  depression  of  the  jfo- 
vemoraffectH  the  riMl  E  E  E,  to  wiiieh  it  is  touncrted,  and  regulates  tho 
quantity  of  steam  flimina:  from  the  boiler  into  the  cylinder. 

H  i»  a  piece  t4>  connect  the  top  part  of  the  piston-roul  wUh  the  rod  !• 
BO  that  by  the  molio?i  of  the  crank  the  rod  f  m  also  moved,  wlilcb  ri»d 
louves  the  slide  valves  in  the  cylinder  K.  By  the  action  of  thene  valreit, 
steam  is  alternately  admitted  on  the  apposite  Bides  of  the  piston  ;  and  m 
the  eiig-ine  doei*  not  comteniio  it*  steam,  there  are  two  pipes,  phiced 
*me  at  each  end  of  the  cylinder,  to  carry  it  off.  One  of  these  pipes  in 
Been  at  N.  When  the  piston  has  been  driven  by  the  force  of  the 
steam  to  the  other  extremity  of  the  cylinder,  thetit^am,  by  the  action  of 
theiiUd«  valvei,  is  shut  off' from  this  end»  and  allowed  to  ftovrvnXo  \\i« 
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opposite  end  of  the  cylinder ;  the  orifice  of  the  pipe  N  being  at  the 
time  opened,  the  steam  at  this  end  is,  by  the  returningf  action  of  the 

Kiston,  driven  throusfh  the  pipe  N,  and  conveyed  aw^ay  under  gpround, 
laving  this  end  of  the  cylinder  ready  for  a  fresn  supply. 
The  power  generated  by  this  simple  arrangement  is  made  to  effect  the 
re<|uircd  purpose  by  means  of  the  shafting  0  0  0.  On  this  shafting,  at 
a  Uttle  distance  from  the  engine,  is  an  eccentric,  L,  to  raise  the  tA  M, 
to  pump  water  into  the  boiler  when  required :  and  at  nearly  the  further 
ena  of  the  shafting  is  another  eccentric,  W,  which  imparts  motion  to  the 
rod  V,  for  the  purpose  which  we  shall  hereafter  describe. 

The  rotatory  motion  which  the  crank  has  received  from  the  engine  is 
imparted  to  the  shaftin|^,  to  the  eccentric  L,  the  coupling-box  d,  the 
fly-wheel  P,  the  eccentric  W,  and  the  pinion  Q,  which  plays  in  the  lam 
cog-wheel,  R,  on  the  shaft  S,  and  thence  is  imparted  to  the  rollers  ot  a 
sugar-mill,  which  rollers  are  moved  at  equal  speeds  by  the  pinions  U  U. 

In  this,  and  most  other  Sugar-mills,  there  are  three  rollers, 
two  at  the  bottom,  and  one  lying  between  the  other  two  at 
the  top.  Through  these  rollers  sugar  canes  are  passed,  and 
the  compressed  juice  falls  into  a  receiver,  from  whence  it 
is  pumped,  by  the  movement  of  the  rod  V,  into  a  copper,  or 
other  receiver.  At  that  part  of  the  shafting  marked  e  e, 
sufficient  space  is  left  to  allow  of  play  when  the  canes  are 
passed  through  the  rollers,  otherwise  the  shafting  would 
be  very  apt  to  snap  and  be  destroyed. 
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OF  THE  ACTION  OF  FORCES. 

LL  matter  is  continually  under  the  operation  of  forces, 
which,  if  uctuig  upon  it  equally,  anti  in  opposite  direclions, 
maintain  it  in  a  state  of  rest.  But  if  a  newly  created  force 
act  upon  a  body  in  such  a  direction,  and  to  such  un 
extent,  06  to  overcome  the  forces  under  whose  action  that 
body>  in  conimon  with  all  other  malter,  exists,  the  result 
will  be  motion  communicated  to  that  body;  and  in  an 
exact  proportion  as  that  newly  created  force  exceeded  the 
amount  of  forces  that  were  previously  acting  upon  it  in  the 
oppofiitc  direction.  For  example,  if  a  man  lift  a  pound 
weight  three  feet  from  the  ground,  t!ie  amount  of  motion 
created  by  that  action  is  exactly  equal  to  the  amount  bis 
newly  created  force  exceeded  the  force  of  gravity  or  weight 
which  acted  on  the  matter :  for  if  his  force  had  not  exceeded 
the  force  of  gravity,  it  is  manifest  that  that  motion  could  not 
have  been  created;  and  if  the  force  of  gravity  had  not  existed, 
it  is  again  manifest  that  the  amount  of  motion  would  be 
exactly  in  pro^Kirtion  to  the  amount  of  the  whole  of  the  force 
he  hati  applied.  Again,  if  bis  force  only  exactly  equalled, 
and  did  not  exceed  the  force  of  gravitation,  motion  could  not 
have  taken  place,  and  the  body  would  have  remained  at  rest* 
This  state  of  rest,  maintained  by  the  contrary  action  of 
two  equal  forces  upon  a  body,  is  called  equilibrium.  But 
the  term  equilibrium  is  most  commonly  applied  when  one 
or  more  bodies  are,  by  the  mere  force  of  gravitation,  main- 
tained in  a  state  of  quiescence,  or  restt  thus,  if  a  bar  of 
iron,  A  B,  fig,  1,  is  supported  at  its  centre  C,  it  will  balance, 
or  remain  horizontal,  as  the  quantity  of  matter  in  C  A  is 
exactly  equal  to  that  in  C  B,  and  the  amount  of  the  gravitating 
force  proportional  to  the  quantity  of  matter  tliat  is  in  each 
ann  of  the  bar:  likewise,  if  a  ball,  A,  fig.  2,  be  acted  upon 
by  a  force  at  B,  and  by  another  force,  exactly  equal,  at  C, 
the  ball  A  will  be  maintained  in  a  state  of  quiescence,  termed 
et^uilibnoiis. 
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in  the  common    opcratioos  of  inechamcSi    the 
Btatc   of  equilibrium   frequently   occurs ;    Uic   latter  ntrd] 
•ftnd   never  with   any    permanent    duration;    by    the 
r<]uilibriuui,  therefore,  in  general,  is  understood,  the  posi 
firat  L'ited, 

Upon  duly  considering  that  matter,  wlien  bcf 
acting  in  opposite  directions,    h  in  a  state   ot 
quiescence,   it  will  be    n^anifcBt,   that    motion 
obtmned    without    destroying    the   equilibrium, 
not  therefore   be  supposed,  tlmt  the  forces  of  gravitatio 
or   adhesive   attraction  can  produce   motion,   as    has   b( 
erroneously   urged   by  some,  but  rather   tliat  all  the    m 
tion  these  powers  are  capable  of  producing  was  prin 
exerted  to  bring   matter  into  that   state  of  equilibrii 
which  we  find  it.     Wherever  that  equUibriuui  is  dist 
by  extraneous  causes,  the  resultant  motion,  attidnab! 
such  disturbance  of  the  general  equilibrium,  has  long  tsln< 
been  known,  and  applied  to  useful  purposes.     We  may  wil 
propriety,  therefore,  deduce  from  these  considcraticms, 
perfect  fallacy  of  that  most  ruinous  and  speculative  notion 
ft  perpetually  moving  force.     Many  who  have  wasted  thci 
time  in  attempts  to  attain  that  object,  have  cither  suppose 
that  the  farce   of  gravitation  could  obtain  motion,  or  th 
motion  once  obtained  could  of  itself  increase  its  force ;  whi< 
was  about  as  rational  as  to  suppose  that  any  substfuice  cou] 
of  itself  increase  its  own  bulk.     Tlje  powers  with  whi< 
nature  has  supplied  us,  have,  as  far  as  we   are  aware 
been  already  applied;  and  should  there  be  others  existing 
which  we  are  ignonmt,  or  which  we  have  not  reduced  to  o\ 
command,  the  search  for,  and  dcvclopcment  of  such  object 
are  praiseworthy  and  valuable:  but  let  us  with  coufidcn< 
hope,  tliskt  the  labours  of  ingenuity  will  no  longer  bo  tlruw 
aside  from  the  paths  of  prolific  study,  by  this  destructii 
phantasy. 

llctunung  from  this  digression,  when  a  body  is  nperal 
upon  by  a  force,  and  acquires  motion,  that  motion,  takin 
into  account  the  amount  of  space  Ihrongh  which  the  boi 
passes  in  a  ^iven  time,  is  called  the  wlovlty  of  the  bftdti 
and  according  as  the  extent  of  dibtomce  incre^ises  or  ciccrea*    _ 
in  a  greater  or  less  period  of  time,  the  velocity  is  said  ta 
Incri-ase  or  decrease. 

If  a  force   jicli ng  upoti  uny  body»   and  causing  motioi 
shall  continue  to  act  upon  it  iu  the  same  direction,  so 
to  cnntittuc  to  iuerea.se  that  motion,  the  body,  under  bu< 


circumttancch,  i- 


♦tain  accelerated  velocity,     Ai 
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body  be  put  in  motion  by  a  certain  force,  antl  another 
operate  upon  it  in  a  contrary  direction^  ao  as  to  tend 
to  bring  it  to  a  state  of  cquUibriumy  such  motion  is  called 
retarded  motion.^ 

*  The  simplest  example  of  accelerated  moiioD,  is  exhibited  tn  tJie 
actiQQ  of  the  force  of  gravitation  upon  a  falling;  body,  where  thu  foree 
cotitiQues  to  act  dunng  its  descent,  and  regularly  increases  in  velocity; 
so  that  if  a  body  A,  fig,  3,  be  allowed  to  fall  from  that  position  lowurds 
the  earth,  it  will  pass  through  sixteen  feet  during  the  first  second  of 
lime,  forty->eight  feet  during  the  next,  and  eighty  feet  during  lIiu  tbii^d. 
U^A  its  motion  been  regular  during  these  three  seconds  of  time,  it  would 
have  passed  through  only  three  times  sixteen,  or  forty-eight  feet,  whereas 
it  has  nassed  through  one  hundred  and  forty-four  feet,  by  reason  of  the 
force  wnich  first  caused  its  motion  continuing  to  act  upon  it.  Now  as 
its  velocity  increases  regularly,  we  may  coDclude,  that  during  tht^  per- 
formance of  the  hrst  half  of  the  sixteen  feet,  it  was  not  proceeding  at  the 
rate  of  sixteen  feet  per  second;  and  if  we  suppose  it  was  proceeding 
only  at  half  that  velncity,  then  it  must  have  travelled  through  the  second 
half  at  the  rate  of  thirty- two  feet  per  second ;  or,  if  the  first  eight  feel 
look  three  quarters  of  the  second,  the  second  eight  feet  must  have  been 
performed  in  the  remaining  quarter,  therefore,  when  the  body  arrived  at 
B,  it  would  be  proceeding  at  the  rate  of  thirty-two  feet  per  second ;  tu  which, 
if  we  add  the  force  that  continues  to  urge  it  at  the  rate  of  sixteen 
feet  per  second,  it  will  exhibit,  for  the  second  ^ace,  a  velocity  of  forty- 
eight  feet  per  second :  and  if  for  tlie  third  space  we  double  its  incrca<iing 
velocity  of  thirty-two  feet,  and  add  that  created  by  the  continued  forcf, 
we  sliall  have  twice  tliirty-two,  and  sixteen,  are  eighty,  which  is  the 
result  of  experiment.  Tlie  velocity  of  bodies  under  the  continuous  action 
of  any  given  force,  will,  it  appears,  increase  as  the  odd  numbers  1,  3,  5, 
7,  9,  &c.,  that  ts,  sixteen  feet  during  the  first  second,  thrice  sixteen  feet 
during  the  next  second,  five  times  sixteen  during  the  third  second,  and 
0o  on ;  or,  as  tlie  relative  portions  of  th6  superficial  space  under  equal 
parts  of  the  perpendicular  in  a  right  angled  triangle,  as  represented 
at  fig.  3  ;  where  0  to  1  represents  tlie  first  second  of  time»  1  to  2  the  second, 
and  2  to  :)  the  third.  It  will  be  perceived,  tliat  under  eacli  of  these  por- 
tions, the  space  contained  in  the  triangle  will  be  as  1,  3,  5 ;  such  is  uniform 
accelerated  motion.  But  if  the  continuous  forcc^  which  has  been  shovin 
lo  increase  the  velocity,  vary  in  its  action  upon  the  body,  it  is  plain  the 
increase  will  be  no  longer  uniform. 

From  a  clear  comprehension  of  the  acceleration  of  motion  in  bodies 
the  retardation  of  motion  will  be  easily  conceived  t  for  example,  if  a 
iKxly  be  cast  perpendicularly  from  the  earth,  as  in  the  firing  of  a  shot 
from  a  cannon  upwards,  the  force  of  the  powder,  overcoming  the  force 
of  gravitation,  will  cause  the  ball  to  rise  with  a  certain  velocity,  whilst 
that  attraction  continuing  to  operate  in  the  opposite  direction,  checks 
by  regular  gradations  the  created  force,  and  cventnally  destroys  it. 
llius  the  diHtance  which  the  shot  would  have  accomplished  during  the 
drn  itecond  of  time,  is  reduced  by  sixteen  feet;  tlial  wbicli  it  would 
have  [iccomplished  duritig  the  next  second,  by  forty-eight;  and  so  on 
until  the  created  power  is  counterbjdanctKi  by  the  force  of  gravity,  and 
the  ball  arrives  at  a  state  of  test;  when  the  force  of  gravity  acting  upon 
it  solely,  will  cause  it  to  move  in  the  opposite  direction,  till  it  descends  to  tht 
rATth 
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When  a  ball,  attached  to  a  centre  by  u  ilcxibte  cord,  h  p\ 
in  motion  by  any  one  force,  which,  iu  common  with  aU 
I  forces,  a>cts  m  a  right  line,  the  motion  will  be  ctrcidor. 
tendency   which  such  body  bus  to  fly  from   the   cenl 
called  the  centrifugal  force :  and  that  exerted  by  the  c( 
'ibiiw  it  towards  tlie  centre,  the  centripetal  force. 

When  a  body  is  set  in  motion  by  any  force,  it  is  ennhU 
to  a  certain  extent^  to  act  on  other  bodies,  and  creat 
motion  in  them ;  and,  as  the  velocity  it  obtained  was 
the  power  expend  »d  to  create  that  motion,  ao  h  the  powei 
of  transmitting  that  motion  to  its  velocity*  This  powi 
of  communicating  motion,  or,  in  other  wordi,  XhiH  forc< 
possessed  by  matter  in  motion,  i»  termed  momentum^  oi 
tlie  moi-ing  force;  and  the  mode  of  transmitting  it,  impact, 
AS  this  force  is  proportional  to  the  velocity  possessed  b] 
every  particle  of  matter  composing  any  body,  the  mo- 
mentum must  be  represented  by  the  quantity  of  niuttci 
multiplied  by  its  velocity.  For  instance,  suppose  one  hun^ 
dred  particles  of  matter  were  moving  at  the  rate  of  one  foo( 
per  second,  the  power  requisite  to  overcome  their  forc< 
IS  exactly  the  same  as  that  which  would  be  ncccssiu^'  to  arn 
[tlie  motion  of  one  particle  moving  at  tlie  rate  of  one  hun^ 
jfcet  per  second:  for  the  velocity  of  the  hundred  part 
:ing  one  foot  per  second  each,  their  total  force  would  W 
le  force  existing  in  one  of  them  multiplied  by  one  hmidred 
md  again  ^  an  the  force  is  in  proportion  to  the  velocity,  om 
|i)article  moving  at  tlie  rate  of  one  foot  per  second,  multiple< 
iby  one  hundred  in  regard  to  velocity,  m ill  produce  a  similni 
'sidt.  Also,  if  a  body  of  one  pound  weight  be  moving  a1 
[the  rate  of  one  foot  per  second,  it  will  possess  a  ccrtaii 
Imumenfum,  and  if  eitlier  its  wcigfit  or  its  velocity  be  doubled^ 
iu  momentum  will  be  likewise  doubled :  if  both  be  doubled, 
llu'  ni<nm*ntum  will  be  quadrupled. 

Iia\ing  now  considered  the  action  of  one  and  two  forces 

anting  together  in  opposite  and  similar  directions,  wo  wil 

Iprocced  to  examine  the  action  of  two  forces  upon  a  bodyJ 

u-ting  neither  in  the  same,  nor  in  contrary  directions,     ThusJ 

if  the  line  A  B,  fig.  4,  represent  a  force  sufficient  to  can 

the   body   A  to   the  ynnnl    B,   and   A  C    represent  another] 

rforce  sufficient  to  carrj*  the    body   A  to  tlie  point  C,   ihciif 

I A  C  and  A  B  being  equal  to  C  D  and  B  D,  and  th(jse  two] 

»rccs  act  upon  the  Ixidy  sub8e<|uently  to  each  other,  wcl 

lay  conceive  that   the   body  would,  by   p;issing  over   the) 

Ineat  A  B  and  B  D,  or  A  C  and  ('  D,  be  carried  to  the  point' 

'D.    Now,  if  they  act  ui>on  the  body  at  the  same  instant,^ 
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the  result  will  be  the  same,  and  the  total  expenditure  of  the 
forces  will  place  the  body,  passing  by  the  hne  A  D,  at  the 
point  D.  Likewise,  if  the  forces  A  B  and  A  C  be  not  at  right 
angles,  as  in  fig.  5,  atill  as  C  D  and  B  D  are  equal,  and  in 
similar  directions  to  A  B  and  A  C,  the  motion  received  from 
them  by  A  will  be  represented  in  amount  and  direction  by 
the  line  A  D.  But  supposing  A  B  shall  be  t^vice  or  thrice 
the  power  of  A  C,  then  the  eHfect  will  he  the  same  as  is  tthown 
in  fig,  C,  wliere  the  line  AB  represents  thrice  the  power  of 
A  C.  The  separate  actions  of  A  B  anrl  A  C  will  be  rejire- 
sented  as  before  by  B  I)  and  C  D,  which  would  place  the 
body  A  at  the  point  D ;  therefore  their  combined  force  will 
caufie  it  to  pass  by  the  diagonal  line  A  D,  as  in  the  former 
instance.  This  pioves  that  any  number  of  forces  acting 
upon  a  body  in  however  many  lines,  not  directly  opposite 
to  each  other,  will  be  compouuried  into  one  force  ;  for  suppose 
tliree  forces,  A  B,  A  C,  and  A  F,  fifj.  7?  to  operate  in  llunr 
several  directions  at  the  same  instant,  on  the  body  A,  they 
will  be  compounded  into  the  force  represented  by  A  1 ;  for  if 
we  describe  a  parallelogram  as  before  by  the  lines  A  B  and 
A  C,  those  two  forces  will  be  compounded  into  a  force  repre- 
sented by  A  D  J  and  again,  if  we  do  the  same  with  the  two 
forces  A  C  and  A  F,  we  shall  have  the  force  A  H  comi)06ed  of 
them.  We  hare  therefore  two  forces  A  D  and  A  H  com- 
pounded of  the  three  original  forces.  If  we  proceed  with 
these  two  in  the  same  manner,  they  will  be  compounded  into 
the  force  represented  by  A  I  j  D  I  and  H  I  completing  the 
parallelogram  of  which  A  I  is  the  diagonal:  so  that  any  num* 
ber  of  forces  acting  in  any  number  of  directions,  excepting 
in  opposite  ones,  may  be  compounded  into  one,  which  is 
termed  their  composaut,  and  wiiich  is  always  represented  by 
the  diagonal  of  a  parallelogram,  like  that  already  shown. 

Tlic  resolution  of  forces  is  exhibited  by  reversing  this 
problem  ;  for  as  any  number  of  forces  may  be  combined 
into  one  force,  so  may  one  force  be  resolved  into  any 
number.  If  a  single  force  be  represented  by  a  ball  mo\'- 
jng  with  a  certain  velocity  in  the  direction  of  the  line  A  B, 
fig.  8,  when  it  shall  come  in  contact  with  and  act  upon  the  balls 
C  and  D,  these  two  balls  will  each  of  them  move  with  one 
half  of  the  velocity  with  which  B  was  impelled,  and  in  the 
direction  of  the  lines  C  H  and  BI,  drawn  from  the  centre  of  B 
through  each  of  their  centres  :  so  that  if  the  force  of  B  be. 
divided  into  two  equal  portions,  each  of  those  portjfins 
may*  by  a  similar  process,  be  again  divided,  rtaolving  the 
orij^nal  force  to  infinity. 
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The  next  effect  of  forces  upon  bodies  producing  raotiou^^ 

js  that   in  which  a  body  receives  motion  from  one  force, 

whilst  it  is  under  the  continyous  action  of  another  force,  not 

!«U-'ting  upon  it  in  an  opposite  direction.     Suppose  the  ball  A, 

jfig.  9,  to  be  ejected  from  the  mouth  of  a  cannon,  the  in- 

Ifitant  it  has  left  it  at  A,  it  will  be  under  the  influence  of  th< 

force  of  gravitation,  which  will  cause  it  to  descend  towards 

the  earth  in  the  manner  already  shown  when  speaking  of 

accelerated  motion,  and  ultimately  will  bring  it  to  a  state  ojj 

rest  at  the  point  B  :    for  supposing   that  the    ball,    by  tin 

force  of  the  powder,  leaves  A,  and  travels  in  the  first  seco.n< 

of  time  a  given  number  of  feet,  expressed  by  the  line  A  C, 

the  gnivitating  force   during  auch   action  will  cause  it  to 

descend  sixteen  feet,  expressed  by  the  line  C  D ;  and  during 

-the  next  second,  supposing  the  powder  to  have  impelled  it 

the  distance  expressed  by  the  line  1)  E,  the  gravitating  force 

will  cause  it  to  fall  forty-eight  feet,  as  is  shown  by  E  F  ;  and 

.during  the  next  portion  of  its  horizontal  motion,  expressed 

||>y  F  G,  its  descent  by  gravitation  will  amount  to  eighty] 

ileet,  represented  by  G  B.     The  line,  therefore,  in  whicl 

he  body  would  move  when  acted  upon  by  these  two  forct 

mly,  would  be  that  of  a  parabolic  curve ;  but  as  the  re- 

eistance  of  the  air  is  to  be  taken  into  account  in  all  pnictici 

cases,  the  line  of  motitfn  changes  very  considerably,  and  assumesi 

one  that  mvolves  a  problem  of  exceeding  complexity  ;  which, 

[together  with  many  other  results  of  the  effects  of  combine^ 

[Iprces,  is  of  such  intricacy  as  to  demand  much  more  room  fn 

heir  solution  tlum  the  limits  of  this  woik  will  permit  us  to  givi 

OF   FRICTION. 

Thk  surfaces  of  bodies,  however  smooth    they  may  ap- 
pear to  be,  will  be  found,  upon  a  minute  inspection,  to  possci^s 

^certain  irregidarities  :  so  that  if  the  body  A  B,  fig.  lU,  hav< 
move  upon  the  surface  of  the  body  C  D,  and  the  lowei 
inrface  of  A  B   possesses   prominences  which    enter  inl 

[cavities  in  C  D,  it  is  niunifest  that  A  B  cannot  be  move- 
along  unless  it  either  rises  and  falls  the  height  of  the  rsever* 

[prominences,  or  breaks  tliem  otT :  hi  the  first,  it  will  hav( 

'to  overcome  the  attraction  of  gravitation  ;  in  the  second,  tin 
attraction  of  cohesion.     Again,  if  the  body  A  B»  fig.  11,  b< 
placed  between  C  D  and  E  F,  wliich  are  pressed  against  i1 
sides  by  any  applied  force,  and  their  surfaces  be  similar  t^ 
those  in  the  former  instance,  to  effect  the  movement  t)f  A  B,^ 
the  attraction   of  cohesion   must   be    overc*>nie,   as   before 
l^hown,  or  the  applied  force  must  be  conquered.     Such  is  tin 
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QLbnosi  unu'ersal  nature  of  that  rcBiBt^nce  called  friction ;  for 
Although  the  irregularities  upon  the  surfaces  of  bodies  ai*e  hy 
no  means  io  manifest  as  those  here  represented,  stiU,  upon 
minute  examination,  we  are  enabled  to  discover  that  the 
smoothest  surfaces  contain  Uieni  y  and  as  the  amount  of  resist- 
ance increases  in  direct  projKtrtion  as  the  irregularities  pretMjnt 
themselves^  we  arc  warranted  in  concluding  that  all  resistance 
arising  from  friction  owes  its  origin  solely  to  this  cause. 

OF  TBB   MECHANICAL   POWERS. 

Thb  mechanical  powers  are  bIx  io  number,  the  lever, 
the  WHEEL  and  axle,  the  PULi^y,  the  inclined  plane,  the 
WEDGE,  and  the  screw.  A  perfect  knowledge  and  thorough 
appreciation  of  which  bhould  be  clearly  understtnid  by  those 
who  purpose  Uy  examine  into  the  effects  of  mccliunical  com* 
binations ;  the  whole  of  which,  however  intricate,  originate 
from,  and  are  reducible  to,  one  or  more  of  the  laws  which 
govern  these  simple  machines. 

In  demonstrating  the  mechanical  powers,  that  which  is  not 
strictly  true  must  be  admitted  :  the  force  of  gravitiition,  the 
retardation  of  friction,  the  resistance  of  the  atmosphere, 
and  the  irregularity  arising  from  the  partial  elasticity  of  the 
subk^tances  of  wliich  they  are  formed,  must  be  excluded,  and 
iupposed  not  to  exist. 

The  first- mentbned  power  is  the  lever y  which  is  divided 
into  three  classes.  In  fig,  12,  A  B  is  a  lever,  and  C  the 
fulcrum^  or  immovable  point  on  which  it  rests  :  now,  if 
a  force  be  applied  at  B,  and  the  resistance,  or  the  force  or 
weight  to  be  overcome,  is  at  A,  then,  ^vith  the  fulcrum  so 
situate  between  the  forces,  it  is  called  a  lever  of  the  first 
class ;  and  the  operation  of  the  force  at  B  to  overcome  the 
resis^nce  at  A,  will  be  in  proportion  as  the  distance  A  C  is 
to  the  distance  B  C  ;  that  is  to  say,  if  B  C  be  four  times  Uic 
distance  of  A  C,  the  force  applied  at  B  will  be  exactly  etjual 
to  four  times  the  same  amount  of  force  at  A  ;  or  one  poinid 
weight  at  B  will  counterbalance  four  pounds  weight  at  A  ; 
but  to  whatever  height  (suppose  one  foot)  the  weiglit  at  A 
be  raised,  B  must  descend  four  times  that  space,  and  c«in- 
secpiently,  to  place  B  in  its  original  position,  Iho  force  applied 
must  be  equal  to  tlie  raising  of  four  single  pounds  c»iit!  foot 
eiich,  wliich  is  the  same  ns  the  nubing  of  four  jxjunds  one 
foot,  ns  was  effected  at  A. 

An  actual  gmn  of  power  does  not  exists  but  the  gtun  hi 
convenience  is  great ;  for,  by  the  operation  of  one  pound, 
four  pounds  is  moved,  wliich,  but  for  the  invention  of  ilie 
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lever,  could  not  have  been  effected.     A  man  h-Jjoj^c  olmi 

strength    could  lift    no  more  than  one    hundred  and    fil 
pounds  is  by  this  means  i*endered  capable  of  givinja:  motif 
U>  four  times  that  weight,  although  he  is  obliged  to  exert  " 
strength  through  four  times  the  distance.     A  lever  of 
second  class  tnay  be  represented  by  supposing  A  to  bo 
fulcrum,  B  the  force  appHed,  and  C  the  weight,  or  resii 
to  be  overcome.     The  effect  of  this  lever  must  be  estii 
by  comparing  the  distances  C  B  to  A  B  ;  the  power  wilf 
crease  or  diminish  exactly  in  proportion  as  A  H  exceeds  C 
and  the  distance  that  B  moves  through  will  increase  exactly^ 
in  the  same  proportion. 

Suppose,  in  reference  to  the  same  figure,  C  to  be  the  foi 
applied,  A  the  fulcrum,  and  B  the  resistance,  it  will  thi 
represent  a  lever  of  the  thurd  class.  The  effect  of  levci 
©f  this  class  is  to  lose  power  for  tlie  purpose  of  gaining  eithei 
motion  or  distance.  For  if,  in  the  last  mode,  the  power  ap. 
plied  at  B  increased  as  the  length  of  A  B  became  ^  ri 
than  C  B,  it  is  plain  that  in  the  present  case,  the  re 
at  B  is  placed  in  a  position  to  gain  by  the  same  law  :  tiicrc' 
fore,  the  nearer  the  force  is  placed  to  B  the  greater  will  b^ 
theeJTect;  and  when  applied  at  B,  the  greatest;  but  m  liei 
the  force  is  at  B,  it  is  applied  ilirect  to  the  resistance,  an< 
the  lever  is  abandoned;  c<msequently  C,  in  every  positiui 
between  A  and  B,  loses  power  to  a  greater  or  less  extent 
Ajs  the  raovenjent  of  C,  in  the  last  case,  was  one  half  that 
v(  B,  so  in  the  present  case  will  tlie  movement  of  B  be  twii 
tliatofC. 

In  particular  operations,  levers  of  each  of  these  classes; 
have  their  particular  uses,     Tlie  simplest  application  of  th< 
tir«<t  sort  may  be  seen  iu  scissors,  shears,  forceps^  ike*  U)i 
pill  in  the  jomt  is  the  fulcrum,  the  hand  is  the  force  appliec 
and  the  substance  to  be  cut  or  pinched  is  the  resistance 
be  overcoviie  ;  the  second  sort  ot  lever  is  presented  to  ub  in 
Jlhe  cutting  knives  used  by  last-mjd«ers,  where  the  hand 

le  power,  tlie  ring  into  which  the  other  end  of  the  knifeJ 
pn  hooked  is  the   fulcnim,  and  the  object  to  be  cut  h  the] 
Iresistancc,     Common  t  s  are  levers  of  the  third  clasisJ 

as  they  poast-'KS  a  cap  jf  being  extended  at  the  ex- 

tremities :  in  Ubing  thrm  tiie  motion  of  the  hand  prodaces^ 
perhaps,  six  times  ita  own  motion  in  the  extremities,  and  a 
loss  of  power  exisli*  in  a  similar  proportion ;  but  a«  thcyl 
have  to  he  used  only  for  a  short  period,  the  loss  of  |K)werl 
iji  of  lv»»  inipr^rtance  tlian  the  c<invenience  gaine<L  Thi^i 
iflLst  class*  ijf  lever  is  frequently  introduced  io  machincfyy. 
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for  the  purpose  of  obtaining  a  rapid  motion  ;  and  as  the  same 
object  has  been  aimed  at  in  the  construction  of  ahnost  all 
animals,  we  find  Uiat  nature  has  introduced  it  most  fre- 
quently. 

\Vc    have  considered  the  operations  of  the  lever  by  the 
different  dispositions  of  the  acting  and  resisting  forces  and 
the  fulcrum,  under  the   supposition  that  the   lines  of  the 
direction  of  the  forces  were  at  right  angles  to  the  arms  on 
which  they  operated,  or  formed  tangents  to  the  arcs  which 
the  movements  of  those  arms  described  j  but  if  we  alter  the 
form  of  a  lever  from  that  of  a  right  line,  and  the  two  forces 
still   maintain  their  parallel  direction,  the  action  on   their 
respective  arms  will  be  no  longer  at  right  angles,  and  tlieir 
effects  will  in  consequence  be  varied  j  the  mode  of  estimating 
those  effects  must  be  also  changed.     Fig.  13,  ABC  repre- 
sents a  bent  lever  resting  upon  its  fulcrum  B,  and  having 
appended  to  each  of  its  arms  the  weights  D  and  K,  which 
are  equal  to  each  other  and  in  equilibrium,  notwithstanding 
the  arm  B  A  is  longer  than  tlie  arm  B  C*     Draw  the  hori- 
zontal line  G  H,  passhig  through  the  fulcrum  B,  then  the 
weights  D  and  E   acting    in    perpendicular  lines,   we  may 
imagine  that  D  is  suspended  at  the  point  I,  and  E  at  the  point 
K,  at  which  points  they  will  operate  similarly.     Suppose  K  I 
to  be   the  lever,  the  arms  I  B  and  B  K  will  then  be  equal, 
and  if  their  distances  are  multiplied  into  E  and  J),  which 
are  ecjual  forces,  their  effects  will  be  equal.     The  action  of 
parallel  forces  upon  levers,  that  do  not  receive  the  action  at 
right  angles  to  their  respective  arms,  should  be  estimated 
by  the  force  multipUed  iuto  a  line  drawn  from  the  fulcrum, 
perpendicular  to  the  line  of  direction  of  each  respective  force ; 
and  whatever  may  be  the  form  of  the  lever,  it  is  apparent, 
that,  if  the  lines  of  direction  vary  from  beiug  tangents  to 
the  arcs  described  by  its  arms,  their  effects  must  be  esti- 
luated  by  the  length  of  perpendiculars  let  fall  upon  the  lines 
of  direction  in  a  similar  manner.     Recurring  to  fig.  13,  it 
will  be  seen,  that  if  the  arm  B  A  rise  to  the  position  B  L,  the 
perpendicular  B  I,  if  allowed  to  fall  upon  the  line  of  direc- 
ti4)n,  will  be  increased  from  B  I  to  B  M,  and  that  the  effect 
of  the  force  D  over  E  will  be  augmented.     This  peculiarity 
'^""ronght  into  operation  in  a  balance  that  has  a  graduated 
«n  an  arc,  as  A  G,  the  divisions  of  which  arc  decreases 
KB  it  rises  in  such  a  manner  as  to  exhibit,  by  the  movement 
of  A,  equal  portions  of  force  acting  upon  E,     There  is  how- 
ever tt  cast;  of  common  occurrence,  namely,  that  of  drawing  a 
pail  with  the  faiig  of  a  hammer,  wherein  the  effects  of  the 
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Applied  aoi]  rcai^ting  forces^  beiug  the  hand  and  the 
lifthough  licUiig  with  a  lever  bent  at  right  angles,  stiJl  o| 
T3ite  ad  though  the  lever  were  straight  3  for  the  directioo 
the  forces  being  changed  to  the  exact  amount  of  the 
angle  as  that  to  wliich  the  lever  is  bent,  they  continue 
at  right  angles  to  their  respective  arms^  which  arins  wUl 
,j|e(iiientiy  represent  perpendicidars  let  faU  from  th$  fulci 
|0n  their  respective  lines  of  direction. 

Tlie  principle  of  the  bent  lever  is  not  unfrequentl 
'dnced  into  machinery  in  order  to  gain  a  greater  cl.    ; 
power.     Suppose  ABC,  fig.  14,  to  represent  a  bent  lev* 
moving  on  its  fulcrum  B,  the  operating  force  at  A  acting  ' 
the  direction  of  A  D,  and  the  resistance  at  C  m  tlje  dire< 
lion  C  E :  now,  as  the  line  of  direction  of  the  force  C 
tpoii  the  fulcrum,  it  is  evident,  that  no  perpendicular  cau 
let  full  from  tlic  fulcrum  upon  it,  and  consequently,  thcpow^ 
>f  C  can  be  nothing   in   comparision  to  that  of  A,  wIm 
lyerpciidicular  upon  its  line  of  direction  isBA;  for 
»tant  the  lever  begins  to  move,  suppose  to  A  1,  C  I, 
perpendicular  on  the  line  of  direction  of  the  force  C, 
smuc5  a  mensurable  form,  as  B,  B  1,  whilst  the  power  of 
[lias  only  decreased  from  B  A  to  B  F.     From  this  it  will 
?cn   that  at  the  commencement  of  the  action   of  A, 
[jKmtT  over  C  was  indefinite,  but  instantly  after  the 
luiencfiucnt  of  that  action    by  the  movement  of  C  out 
[perpendicular  K  B,  resii?tance  likewise  commenced, 
[perpendicular  from  the  fulcrum  then  assumed  a  mentttii 
(.amount. 

THB  WHEBL  AND  AXl-B, 

Tb£  next  ainiple  nuu:liine  classed  as  a  mechanical 
Is  termed  the  whorl  and  axle,  imd  is  represented  at 

ihc  wliecl,  B  a  circular  bar  called  the  ;ixle,  botli 
one  centre,  at  C.  In  general,  the  force  is 
fBsillff  a  rone  to  the  outer  rim  of  the  wheel,  as 
by  D,  whttsi  the  resistance,  or  the  weight,  or 
overcome,  is  rrpresientecl  by  £,  attached  by  n  rope  ia' 
I  o&le.  By  a  simple  analysis,  this  machine  will  he  found  to 
be  merely  a  method  €>f  obtaining  a  continual  ihction  of 
levers  of  the  first  claifs  ;  (or  if  we  suppose  the  radius  of  tlic 
whi-el  to  l»e  tlie  longer  arm  of  the  lever,  the  mdin- 
axle  the  shorter  arm,  and  the  n-ntrr  on  which  the) 
fulcrum.  I*  a  ksrer  r  Use ;  but  ft  1 

two  mcM  'inir  cu^^  ^^    »r^  an   ii 

pumber  of  Jcver»,  aod^  by  tin*  rctulmg  of  tlic  wlied^ 
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gmber  td  Icrers  of  thia  class  arc  c(  ^         Ht  iiita 

mnttion.    The  effective  power  nf  tin  lv  mu5t 

'ttienEfiirc  be  mlcubted  by  the  sarac  mode  as  n  lever  of  the 
cla«6 ;   for  a**  tlie  rmUus  of  the  wheel  exceeds  that  of 
\msdtj  to  increases  the  power,  and  so  iiicreajies  the  distance 
'-'♦U-e  Ihrce  h:is  to  pa«s  through, 

id  axle  is  applied  in  the  apparatus  for  raising 
ir  injm  weiii!,  and  is  introduced  in  many  machines^  which 
jfcaU  be  shown  as  we  proceed. 


•u. 


TnEpuUiff  fefweseDtcd  at  fig,  10,  is  the  third  mechanic 
pyvcr.  U  ifl  of  a  circular  form,  fixed  upon  a  pin  that  runs 
Clovagb  liM  centre  at  C^  and  round  which  it  revolves.  The 
ide  oi  apfiljiiig  the  pulley  is  by  placing  a  rope  over  its 
Uxr  limt  l'»  Uic  rxtreniities  of  which,  at  A  and  B^  the  force 
lo  be  appHei!,  aiM]  the  weight  or  resistance  to  he  overcome, 
arc  mdiwrri'  atUiched,  the  centre  C  being  supported 

by  tli<e  fttra^j  :  >  iie  operations  of  thii*  instrunit'ot  arc  re- 
ferable aiao  to  the  action  of  a  lever  of  the  first  class ;  the 
fkk  on  wbidi  It  revolves  is  the  fulcrum,  and  the  radii  of  the 
drde  £  F  the  two  arms,  which,  being  equal,  do  augmenta- 
tlDO  or  dimijtation  f)f  povver  can  arise . 

When  used  in  this  manner,  the  pulley  is  but  a  method 

of  altering  ^  i   of  the  applied  force.     But  if  in- 

>tTtMl,  aji  »L  _     17,  where  the  end  of  the  line  A  is 

ixttsdied  to  a  fixed  point,  the  weight  or  resistance   being 

al  C,  and  the  applied  force  acting  upwards,  the  line  from 

A.  beiAg  permanently  fixed,  it  will  become  a  fidcrum ;  and 

tlie   bcirisDonta]    nidii  of  the   circle  assume  the  position  of 

titat  of  a  lever  of  the  second  class  ;  which  gains  in  power  as 

reapeetire  !brces  of  application  and  resistance  are  distant 

the  falcrum ;  as  B,  for  instance,  is  twice  as  fur  from 

as  C,  the  weiglit  or  (orce  applied  at  B  will  raise  twice  its 

It  at  C. 

combined  action  of  several  pulUcs  is  called  a  tiickle, 

%.  18,  where  A  and  B  are  two  puUies  fixed  in  the  position 

fepmcnledi  and  CD  two  others,  capable  of  being  either 

fatiffd  or  lowered;  the  rope  E  passes  over  A,  under  U,  over 

B»  and  azMier  C,  and  Is  permanently  fixed  at  F.     It  is  there- 

that  if  Uie  weight  G  be  fiuspended  from  tlic 

i  I>,  (both  of  which  are  in  tlie  position   de- 

9t*rUM:il  at  £^.  17,)  i'  of  them  will  divide  itt^  force  by 

twn,  and  that  one  ^  of  the  weight  G,  placed   at    b, 
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will  coiintcrbalanec  G.    Tlie  pullies  A  and  B  being  used  oi 
to  cliunge  the  direction  of  the  action. 

The  construction  of  tackles,  coiisistiog  of  four  puUios^ 
iis  they  are  sometimes  called,  sheeves,  is  very  simiuir  to 

•presented  by  fig.  U>. 

For  a  ruk  to  estimate  the  force  which  is  neceesaiy 
overcome  any  force  acting  at  G,  take  half  the   force  at 
and  divide  it   by  the  number  of  lower  pullies  in  the  tackh 
and  it  will  give  the  amount  necessary  to  counterbalance 
atE. 


THfi   tNCLlNRD    PLANS. 


It  t« 


Thb  biclintil  plane  is  the  fourth  mechanical  power, 
^presented  at  %.  20,  where  A  B  is  supposed  to  hi* 
lurfiice,  supported  at  one  end,  so  that  it  may  by  «  i 
to  the  horizon.  By  this  power  a  heavy  weight  can  be  rais 
with  much  less  force  tban  would  be  required  to  elevi 
|>erpendicularly.  The  manner  uf  udng  it  for  the  raiaii 
weights,  is,  to  cause  the  applied  force  to  act  in  a  dim 
parallel  to  the  pkne  A  B,  and  in  the  direction  (torn  A  to 
B,  as  repreacnted  by  the  line  A  E  acting  on  the  body 
the  power  gained  is  in  proportion  to  the  length  of  the 
A  C,  which  is  the  base^  compared  to  the  perpendicular 
now  if  A  C  be  twenty  feet,  and  C  B  five,  then  A  C 
four  times  C  B,  tl)e  power  gained  will  be  as  four  to 
that  is,  Uic  force  equal  to  the  raising  of  one  pound 
difularly,  will  raise  four  pounds  along  the  inclined  p^ane 
Mhich  being  four  times  the  length  of  C  B,  the  force  will  ha^ 
to  move  through  four  times  the  distance,  as  was  shown  to 
I  '  sc  iti  the  use  of  the  lever.  This  mechanical  coo- 
.  then,  offers  but  another  mode  of  effecting;  by  the 
appliciaion  of  a  smidt  force  for  a  longer  period  of  time,  that 
which  would  otherwise  require  a  much  more  coosidcfable 
forri'  to  accomplish  it.  The  power  gained  in  an  inclined 
phine  may  be  always  estimated  by  dinding  the  letiglh  of 
tfic  baxc  of  the  plane  by  the  pcrpi^ndicidar  height  of  its  most 

elevated  end,     Th ^■^'•^ntion  of  the  simple  inclined 

in  mechanical  txm  >,   is  not  very  InN^urot  in  m 

to  its  p(>-  '    '  n^  iniroducttofi  ia  by  no  means 

mon  for  t  ^  of  oblalntnff  a  regubiiy  afceodbg 

The  i^nulu^  aM:cnt  of  ruads  and  railwa)'^  to  gain  the 
of  hiUjt^  aitd  the  alide- ladder  used  by  brewciB  in 
unk»uling  their  carta^  are  wcU  lu)own  applicultoos 
rainciplc. 


» 
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'me  fifth  mechanical  power  is  the  wedge;  one  form  of 
which  is  shown  at  fig.  21.  It  operates  iji  a  similar  maimer 
to  the  inclined  plane  ;  but  losteatl  of  the  reHistaucc  or  force 
to  be  overcome  being  moved  along  its  surface,  the  plane 
itself,  which  is  now  called  the  wedge,  is  forced  beneath  the 
object  to  be  raised.  Thus,  if  the  wedge  A  B  move  upon  a 
levd  phine  to  the  position  A  1,  the  weight  D  will  be  raissed 
from  its  position  to  the  height  D  I  ;  and,  consequently, 
will  pass  over  the  whole  upper  plane  of  the  wedge  A  B,  and 
ukimately  attain  the  perpendicular  height  B  C.  If  A  B  be 
divided  by  B  C,  the  quotient,  as  in  the  inclined  plane,  will 
represent  the  power  which  the  wedge  is  capable  of  exerting  ; 
or  if  A  B  is  four  times  B  C,  the  power  forcing  forward  the 
wedge  to  A  I  is  capable  of  raising  the  body  D  four  times 
its  own  amount  to  the  position  D  1 .  The  wedge  represented 
in  fig.  22,  is  most  generally  applied  to  the  purpose  of  di- 
viding wood,  where  the  resisting  force  to  be  overcome  acts 
on  both  sides  of  it.  To  estimate  the  amount  of  power  givined 
by  this  form  of  the  instrument,  we  must  consider  it  as  two 
inclined  planes,  A  B  C  and  C  B  D  conjoined  ;  and  as  the 
lorces  operating  at  E  and  F  arc  equal,  we  shall  have,  as  A  C 
U  to  C  B,  so  is  the  resistance  F  to  the  force  necessary  to 
overcome  it ;  and  as  the  force  E  and  the  other  portion  of  the 
wedge  are  similarly  opposed,  the  total  AD  is  to  C  B,  as 
the  total  resistance  F  and  E  is  to  the  power  necessary  to  be 
exerted  to  counterbalance  that  resistance ;  or,  as  many  times 
as  A  D  will  go  into  C  B,  so  maiiy  times  may  the  resistance 
ccmtain  the  amount  of  the  applied  force. 

THK    SCREW. 

The  screw  is  the  sixth  ^and  last  of  the  mechanical 
powers.  In  the  manner  of  its  construction  it  is  in  general 
said  to  bear  reference  to  an  inclined  plane  wound  about  a 
cylinder  j  but  as  the  power  of  the  inclined  plane  corres- 
ponds witl)  that  of  the  wedge,  and  the  mode  of  applying 
tlie  facilities  they  possess,  alone  forms  their  difference,  arid 
as  the  screw  is  almost  universally  moved  to  effect  the  same 
purposes  as  the  wedge,  it  would,  with  greater  propriety, 
ad  regards  its  action,  bear  reference  to  that  instrument. 

Fig.  23  represents  a  cylinder  EE,  upon  which  we  will 
Buppose  the  wedge-shaped  piece,  A  B  C,  is  capable  of  being 
wound ;  when  wrapped  round  such  cylinder,  it  will,  by  its 
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upper  edge  BC,  represent  spiral  lines,  similar  to  BD 
and  F  G.  Now,  as  the  piece  ABC  is  in  the  shape  of  a 
wedge  or  inclined  plane,  it  should  have  its  power  esti- 
mated by  the  line  A  C  compared  to  the  height  AB; 
and  if  the  line  B  C,  wound  in  its  spiral  direction,  shall 
just  circumscribe  the  cylinder,  the  point  C  will  be  found 
directly  beneath  B,  and  the  distance  between  C  and  B,  when 
thus  lapped  on  the  cylinder,  will  represent  the  line  A  B,  on 
the  perpendicular  of  the  inclhied  plane  or  wedge ;  which,  when 
compared  with  A  C,  now  represented  by  the  circumference 
of  the  cylinder,  will  give  the  same  data  from  whidi  the 
power  of  the  screw,  so  formed,  should  be  calculated*  Con- 
sequently the  comparison  of  the  circumference  of  the  screw, 
and  the  distance  between  one  thread  and  another,  measured 
on  a  line  parallel  to  the  axis  of  the  screw,  is  that  from  wludi 
its  power  should  be  calculated,  or  as  the  distance  between 
the  two  threads  is  to  the  circumference,  so  the  power  to  be 
applied  is  to  the  resistance  to  be  overcome;  or  if  the 
circumference  be  three,  and  the  power  one,  the  force  equal 
to  one  bhall  overcome  a  force  equal  to  three. 

Fig.  24  represents  a  screw  of  more  perfect  formation ; 
but  Uie  general  construction  of  the  screw  is  so  familiftr  to 
every  one,  that  we  conceive  it  to  be  almost  needless  to 
enter  upon  a  more  minute  description.  A  B  represents  the 
acclivity  of  the  plane  from  which  such  screw  is  formed,  and 
the  distance  between  B  and  C  represents  what  shoidd  be 
compared  to  the  circumference  in  order  to  discover  the 
power  it  possesses. 

The  screw  is  applied  to  mechanical  purposes  chiefly  to 
obtain  great  pressures  in  small  distances;  and  upon  exa- 
mination it  -will  be  seen,  that  they  afford  a  method  of  using 
a  wedge  of  an  extremely  small  inclination,  and  by  con- 
sequence of  great  power.  The  screw  is  sometimes  used 
for  raising  exceedingly  heavy  weights.  The  hollow  screw, 
or  tlie  counterpart  in  which  a  screw  operates,  when  in  the 
form  of  a  small  movable  piece,  is  called  a  nut,  and  the  cavity 
is  termed  a  female  screw,  the  properties  of  which  are,  as 
respects  power,  exactly  similar  to  the  screw. 

We  have  now  duly  considered  the  nature  and  properties 
of  the  mechanical  powers  when  in  a  state  of  uncombined 
miction;  and  shall,  in  tlie  next  place,  previously  to  repre- 
senting them  in  some  of  the  simplest  forms  in  winch  ttuj 
are  combined,  examine  into  one  more  attribute  of  matter, 
resulting  from  gravity. 
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of  gravitation,  as  we  have  already  slimvTi,  act* 
•r  m  proportion  to  Its  quantity:   tlius;,   if  a  line  be 
aiiy  body  in  such  maimer,  tiiat  the  quantity 

ylied  into  its  distance  from  the  line  on  one 
the  quantity  of  matter  multiplied  into   itH 
the  opposite  side,  and  if  another  line  be  drawn 
ifoa§^h  the  body  in  another  direction,  dividing  it 
_Ri3moer,  the  point  where  those  two  lines  meet, 
gituated  within  or  about   the  body,   h    the 
fty ;  jiTid  if  that  point  or  centre,   supposing  it 
ly,  be  supported,  the  body  will  remain  in  a 
ibrium.     Suppose  the  body  D,   fig.  25,  to  be 
by  a  line  from  C,  then   the  point   H,  ivhich  is 
|iojut  of  suspension,  and    at  which  the   body  is 
In  a  state  of   rest,   will  be    directly  abovt!   the 
ity*    For  if  tlie  perpendicular  line  ti  I  be  drawn, 
Itity  of  matter  multiplied   into  the  distance  mi 
le  line   be  not  e<[ual  to  the  quantity  of  mutter 
the  diHtiuice  on  the  other  side,  the  body  will 
;  but  as  the  body  is  at  rest,  the  quantity  of 
■'o  its  diistance  on  the  one  side,  it*  exactly 
of  matter  multiplied  into  it«  distance 
I    :ul  the  body  as  at  fig.  26,  and  let 
f.  I'om  K,  the  point  of  suspension, 

ly  will   be  air  run  divided  in  like  manner,    and 
^iiere  the  perpendicular  K  L  intercepts  the  line 
mtre  of  ji^ravity. 
"aciiriL'  in  a   direct    line   paas  through  the 
y^it  will  produce  uniform  motion  in 
i*'iLc  so  impressed  do  not  pass  through 
rily,  that  motiim  will  be  unequally  com- 
l^^    if  at  fig.  26,  M  I    represent  a   force 
ilarly  shaped  body  D,  in  a  line  of  direction 
V  "  ty  E,  the  force  so  impressed 

II  d  Mith  a  uniform  velocity, 

'   M  I  be  impressed 

,      .  1   .      i  .:\       I  not  being  through 

ity,  an  irregular  motion  will  be  comnumi- 

ly  will  acquire  a  revolving  motion  round  its 

T* 

of  grarity  Is  Ibe  most  advantagcouB  point  for 
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giving  to  n  body  uniform  motion,  so  ftl»o  it  is  thebeit^ 
apply  resistance  to  arrest  the  progress  of  that  niotaon. 

Morit  writers  on  Mechanics  speak  of  the  common  ct '  t  .     T 
gravity  as  of  aiore  than  one  body,  or  as  a  system  of  ^ 
but  as  they  mean  that  those  bodies  should  be  cor  jr 

tlieir  relative  poaitiou  maintained  by  some  force,  .  /  my 
properly  be  considered  as  but  one  body,  and  the  cenut  oif 
gravity  of  the  \rhoIe  assemblage  may  be  eistinurted  in  & 
similar  manner  to  that  of  one.  Thus^  if  tlie  bodies  A  and  B> 
%» 27,  be  conjoined  hy  a  line,  their  common  ceiitrt?  of 
gravity  will  be  the  point  E  ;  for  if  a  line  be  drawo  thnnigU 
that  point  in  any  direction,  the  masses  of  matter,  multiplied 
into  their  respective  diitanceti  on  each  side^  wxM  equal  eacb 
other. 

VVliat  has  been  said  concerning  the  centre  of  gravity^  k 
\o  applicable  to  practical  points  ;   as  no  body  can  be  siiji- 
>rted  in  a  state  of  equUibrium,  if  the  point  of  suispenj^ioo 
not  exactly  above  or  beneath  its  centre  of  gravity 

SIMPLE   COMBtNATIONS  OFTH£  MRCUANICAL  POWSIi». 

Having  considered  the  capacities  of  the  mechanical  po\vrni, 
and  tlie  modes  used  for  calculating  their  effects,  ue  \viU 
now  turn  our  attention  to  them  in  a  state  of  ci  n; 

and  as  all  of  these  iu8trumcnt»  are  in  themselve>  ,^  -  of 

power,  power  must  be  considerably  increased  when  they 
become  adjuncts  to  each  other.  Thus,  in  fig.  28,  we  haTc 
a  combination  of  three  levers,  each  of  them,  by  the  di** 
proportion  of  their  arms,  gainers  of  power  as  three  Xx\  one; 
G  G  G  being  their  several  fulcrums,  the  weight  H  will 
operate  with  thrice  its  power  at  B,  by  means  of  tlie  lever 
AB;  the  effect  will  be  again  trebled  by  CD;  and  that 
amount  again  trebled  by  the  action  of  fhe  lever  K  F,  Coo- 
sequeutly,  if  we  call  H  one,  by  A  B  it  will  be  raised  to  three, 
by  C  D  to  nine,  and  by  E  F  to  twenty-seven  ;  so  Uiat  a 
weight  of  one  pound  at  A  will  support  tweuty-seren  poundM 
at  F. 

The  combination  of  the  action  of  levers  may  thus  be  cjc- 
lended  to  the  gain  of  almost  any  amount  of  |>ower ;  and 
when  bent  levers  are  introduced,  their  powers,  which  Ui 
peculiar  situations  have  been  shown  to  be  very  great,  may  in 
like  mimnerbe  multiplied. 

The  wheel  and  axle  in  an  implement  not  frequently  used  in 
its  simple  state.  In  maLhinery,  wheels  are  niostiy  turned 
by    means  itf    prominences    upon    their    periphere**,    called 
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cogs,  or  teeth,  which  being  acted  upon  by  any  applieil  force, 
cause  the  wheel  to  revolve ;  and  the  axle  being  similarly  fur- 
nished with  teeth,  or  cogs,  is  termed  a  pinion.  The  wheel 
and  pinion,  therefore,  bear  a  similar  relationship  to  each  other 
as  the  wheel  and  axle,  and  their  power  must  be  calculated  in 
the  same  manner.  Suppose  A  B,  fig.  29,  to  be  a  shaft  on 
which  the  handle  AC,  of  twelve  inches  radius, and  the  pinion 
D,  of  one  inch  radius,  are  fixed ;  and  the  teeth  of  the  wheel 
£,  of  twelve  inches  radius,  acting  in  those  of  the  pinion  D, 
and  i4>on  the  shaft  of  £  is  fixed  the  pinion  F,  of  one  inch 
cadius,  communicating  with  the  wheel  G,  of  twelve  inches 
radius,  upon  the  shaft  of  which  the  pulley  H,  of  one  inch 
radius,  is  fastened  ;  we  shall  then  have  the  handle  A  C  repre- 
senting the  radius  of  a  wheel,  and  the  pinion  D  in  the  situa- 
tion of  the  axle  ;  so  that  there  will  be  a  gain  of  twelve  to  one : 
and  the  wheel  E,  bearing  the  same  proportion  to  the  pinion  F, 
will  also  gam  in  a  .simitar  ratio,  and  G  being  to  H,  as  E  to  F, 
the  gain  will  again  be  augmented  to  the  same  extent ;  so  a  force 
equal  to  one  at  C  will  operate  as  twelve  at  D ;  and  twelve  at 
D  will  operate  m  a  hundred  and  forty-four  at  F ;  and  at  H  as 
seventeen  hundred  and  twenty-eight.  Thus  one  pound  at 
C  will  raise  seventeen  hundred  and  twenty-eight  pounds  at 
H,  and  the  handle  C  will  have  to  pass  through  seventeen 
hundred  and  twenty-eight  times  the  distance  through  which 
the  weight  I  will  move.  By  this  form  and  disposition  of 
wheels  and  pinions,  an  accession  of  power  is  obtained  ;  but  if 
velocity  be  required  at  the  expense  of  power,  this  train 
fihould  be  inverted.  For,  if  we  suppose  the  pulley  H  to  be 
turned  by  a  force  so  as  to  cause  the  weight  1  to  pass  through 
ooe  fot^t,  the  periphery  of  the  wheel  G  will  have  paaaied 
through  twelve  feet,  and  the  periphery  of  the  pinion  will  have 
gone  through  the  same  distance;  but  the  wheel  £  being 
twelve  times  the  diameter  of  F,  it  will  have  passed  through 
twelve  times  that  distance,  or  a  hundred  and  forty-four  feet ; 
and  the  pinion  D,  in  like  manner,  ^vill  cause  C  to  pass  through 
twelve  times  that  amount  of  space,  or  seventeen  hundred 
and  twenty-eight  feet ;  w^hilst  I  he  force  required  at  H  to 
cause  this  motion,  must  be  seventeen  hundred  and  twenty- 
eight  times  the  resistance  at  C. 

As  the  circumferences  of  wheels  arc  proportionate  to  the 
circumferences  uf  the  pinions  they  have  to  act  upon,  or  be 
acted  upon  by,  so  must  the  number  of  teeth  in  the  one  be 
to  those  in  the  other,  otherwise  the  size  of  the  teeth  would 
not  be  similar;  thus,  a  wheel  that  is  twelve  indies  diameter, 
and  a  pinion  one  inch,  the  circumferences  of  circles  being 
in  proportion   t/)    tlii-ir  diameLers,   the   wheel   should    havt 
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twelve  times  us  many  teeth  as  the  pinion,  therefore^  in 
ticcj  the  number  of  teeth  may  be  taken  as  data  to  r 
the  power  or  velocity.     Suppose  a  pinion  lias  five  tc*. 
ft  wheel  sbcty^  their  power  will  be  as  twelve  to  one, 
%pill  go  twelve  times  in  sixty;    that   is,    the    pinioQ 
buve  to  turn  twelve  times  to  move  the  wheel  once ;  and 
turned  by  a  handle  A  C^  whose  radius  is  equal  to  the  \f  hedj 
the  power  guinecl  will  be  in  the   same   ratio  ;    and    if 
pinion  is  driven  by  the  wheel,  the  velocity  obtained  will, 
like  manner,  intTejise  ;  consetjucntly  the  velocities^  or  powei 
of  nny  combinaiion  of  wheels^  may  be  estimated  by  tlieir 
meters,  circumfiTenccs,  or  number  of  teeth. 

Although  this  n.nde  of  communicating  motion  is  used 
a  ver\  great  extent  in  applying  wheel-work  to   machine 
yet,  in  peculiar  cases,  straps,  chains,  and  corda^,  of  vj 
OU8  drscrii^tions,  are  beneticially  introduced  to  transfer  thi 
action  of  wheels. 

Combinations  of  the  wedge  are  not  very  common  :  bi 
its  properties  are  introduced  under  sevenvl  modilicatic 
and  afford  methods  of  obtaining  power  of  consi' 
sin*e  in  short  distances.  For  instance,  that  i 
well-known  part  of  mechanical  construction,  called 
camb,  or  eccentric,  is  a  wedge  appUed  by  one  of  its  ft 
a  c>rnider,  which,  by  being  turned  by  means  of  a  lever, 
capable  of  pruducijig  a  powerful  action.  Fig.  30  represrni 
a  cylinder  A,  with  a  wedge  B  wound  round  it,  but  w  hich,  il 
this  position,  is  denominated  a  camb,  or  eccentric  piece  ; 
the  motion  of  the  lever  C  to  the  situation  C  1,  the  cylim 
A,  with  the  camb  B,  is  brought  into  the  position  B  J  ;  ihereli 
ndtiing  tlic  obstacle  D  to  D\,  The  power  gained  in  thi 
operaLioii  may  be  ascertained  thus:  as  the  length  of  the  levi 
C  from  the  center  of  A  exceeds  the  radius  of  A,  so  will  il 
force  applied  at  C  be  increased^  at  the  point  E,  where  it 
be  BupjMJscd  to  act,  against  the  wedge  or  camb  B  j  rrsd  fl 
effort  to  rai?.e  D  may  be  known  by  considering  the  propoj 
of  K  F  to  E  H,  which  is  the  portum  of  Uie  circumference  thr 
must  be  considered  as  \x»  hiisQ.  Thun,  if  we  call  the  len^ 
of  the  lever  C  three,  and  the  radius  of  A  one,  if  the  fuj 
acting  at  C:  be  one,  its  po\*er  at  E  will  be  three;  and  shouH 
tht  T,F  be  one  third  of   the  base  of  the   camb 

thi'  ill  br  again  raised  by  three ;  thus,    I    at  C  wil 

coii  I'  1)  at  D      This  movement  is  exlremcly  coi 

moH  T  to  obtain  power,  or  a  regular  direct  motioi 

It  is   tjuicktrr  Uian  a  Kcrew,  and  capable  cf  considerab] 
accuracy. 

Fig.  31  IS  Another  modification  of  the  wedge,  placed  on 
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internal  face  of  the  circle  E,  acting  with  its  face  F, 
causing  by  its  movement  the  obstacle  I  to  approach 
nearer  to  the  centre  G;  this  la  called  the  snail  movement, 
aiul  might  with  propriety  be  termed  a  concentric. 

Another  method  of  placing  a  wedge,  so  as  to  apply  its 
effects  to  a  revolving  motion,  is  represented  in  a  side  and 
top  view  at  fig.  32,  where  the  wedge  A  B  is  placed  upon  a 
circular  plate  C  D,  turnhig  upon  the  axis  E,  and  conse- 
<iU€ntly  creatmg  motion  in  the  obstacle  upon  which  it  acts 
to  the  amount  of  the  line  G  A. 

AnoUier  movement  of  considerable  accuracy  is  obtained 
by  tlie  turning  of  a  cone,  the  principle  of  whose  action  is 
referable  to  the  wedge.  Fig.  '33  represents  a  cone  fixed 
upon  itB  axis  ik.  If  an  obstacle  he  presented  at  a,  and  the 
cone  be  caused  to  pjiss  forward  in  the  direction  A  i,  the 
iiurfacc  a  c  will  operate  as  a  wedge  at  a  b  c,  raising  the 
obstacle  ttj  c  ;  but  if  during  that  direct  motion  the  cone  is 
likewise  caused  to  revolve  on  its  axis,  the  obstacle,  instead  of 
pa£>^ing  over  ai\  will  pass  over  the  spiral  line  aegd,  to  the 
point  f/;  by  this  means  tlie  operation  of  a  wedge,  whose  line 
of  inclination  is  equal  to  tlie  spiral  line  aegd,  and  whose 
'height  is  equal  tu  6c,  is  brought  into  action;  and  if  the 
number  of  revolutions  of  the  cone  be  increased  during  its 
direct  motion,  it  is  plain  that  the  effect  of  a  wedge  of 
infinite  elongation  may  be  produced. 

The  screw  is  introduced  both  singly  and  in  a  state  of  combi- 
nation in  many  parts  of  machinery.  1  he  combined  action  of  two 
screws,  which  avoid  the  necessity  of  using  a  screw  of  greater 
fineness,  in  which  the  threads  would  be  weakened,  is  repre- 
sented at  fig.  34,  where  they  are  applied  to  a  press.  Suppose 
A  A  to  be  a  screw  fitted  in  a  female  screw  in  the  rail  B  C; 
and  D,  a  screw  that  works  in  the  inside  of  A,  having  its 
lower  end  joined  to  the  upper  board  of  the  press  H,  so  that 
it  &hu\i  not  turn  round  :  now  if  the  screw  A  A,  and  the  screw 
D,  contain  exiictly  tlic  name  niunber  of  threads  in  the  inch, 
by  turning  A  A  one  revolution,  it  will  proceed  downwards 
:tly  the  same  amount  that  tlic  screw  D  will,  by  the  same 
ion,  proceed  upwards,  and  the  l>owd  H  wiU  not  be  moved. 
But  wc  wUI  suppose  that  the  screw  A  A  contains  four  threads 
in  the  inch,  and  the  screw  D  six,  then,  by  one  revolution, 
A  A  will  move  downwards  one  quarter  of  an  inch,  and  D  will 
at  the  same  time,  and  by  the  same  action,  be  raised  one- 
of  an  inch,  therefore  the  board  H  will  move  downwards 
difference  between  one  quiirter  and  one-sixth,  or  one- 
]»  part  of  an  inch,  bv  every  single  revolution  :  which 
*  ^  2  ' 
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effect  is  similar  to  that  which  would  be  produced  by  using 
a  screw  of  twelve  threads  to  the  inch. 

'  For  further  elucidation  we  shall  refer  the  action  of  each 
screw  to  that  of  a  wedge  from  which  the  screw  has  been 
shown  to  be  derived  Fig.  35  represents  two  wedges^  abh 
and  ecd,  each  of  which  may  be  supposed  to  represent  one 
lap  of  a  screw  of  the  respective  fineness  which  their  heights 
b h  and  e c  denote.  K  the  wedge  ab h  he  caused  to  pass 
to  the  situation  a*  a  h\  and  is  supposed  to  operate  upon  the 
level  surface  e/,the  line  ae  will  be  compressed  to  the  Ime  A»c, 
by  that  movement;  but  if,  whilst  tliis  action  takes  place^  the 
wedge  ecd  he  moved  to  the  position  e^  c*  c,  and  the  effect 
takes  place  upon  its  upper  surface  e  d,  the  line  a  e  will  only 
be  reduced  to  the  line  g^  e,  equal  to  hd^  and  will  conse-* 
quently  only  be  compressed  to  the  amount  g^  a,  which  is  in 
effect  equal  to  what  a  wedge  of  the  fineness  of  abg  would 
have  produced,  whose  height  or  line  gb  ia  just  equal  to  the 
difference  between  e  c  and  A  A,  as  was  the  case  with  the  screws. 
As  a  gain  of  power  is  attainable  by  two  screws  or 
wedges  of  unequal  fineness,  performing  equal  numbers  ci 
revolutions,  so  is  the  same  effect  attainable  by  the  unequal 
revolutions  of  two  screws  or  wedges  of  equal  fineness. 


MILL  GEERING. 

Under  this  head  we  purpose  to  treat  of  the  best  form- 
ation of  the  teeth  of  wheels,  of  the  connection  of  shafts, 
termed'  couplings,  of  the  disengaging  and  reengaging  of 
the  moving  parts,  and  of  the  equaJiziition  of  motion  5  and  to 
them  we  sluiU  annex  some  further  observations  upon  the 
general  construction  of  Machinery.  To  avoid  unnecessary 
repetition,  we  shall,  previously  to  entering  upon  the  form- 
ation of  the  teeth  of  wheels,  give  a  general  definition  of  the 
terms  most  commonly  in  use. 

Cog-wheel  is  the  general  name  of  any  wheel  which  has  a 
number  of  teeth  or  cogs  placed  round  its  circumference. 

Pinion  is  a  small  cog-wheel  that  has  not  in  general  more 
than  twelve  teeth ;  though,  when  two-toothed  wheels  act  upon 
one  another,  the  smallest  is  not  unfrequently  distinguished  by 
this  term  ;  as  is  also  the  tnindle,  lantern,  or  wallower,  when 
talking  of  the  action  of  two  wheels. 

Tnindle^  lantern^  or  wallower^  is  sometimes  used  in 
lieu  of  a  pinion.    It  is  represented  at  fig.  36. 
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When  the  teeth  of  a  wheel  are  made  of  the  same  material, 
wnd  formed  of  one  piece  with  the  hody  of  the  wheel,  they 
are  called  (eeth  ;  when  of  wood,  or  some  other  materiaJ,  and 
affixed  to  the  outer  rim  of  tJie  wheel,  cogs ;  in  a  pinion 
they  are  called  leaves  ;  in  a  trundle  staves. 

When  i5pe:il\ing  of  the  action  of  wheel^Work  in  general, 
the  wheel  which  acts  ns  a  mover  is  called  the  leader,  and 
the  one  upon  which  it  acts  the  foUower* 

If  a  whet'l  and  pinion  are  to  be  so  constructed  that  the 
one  shall  g^ivc,  and  the  other  receive,  impulse,  so  that  the 
pinion  shall  perfonn  four  revolutions  in  the  time  that  the 
wheel  is  performing  one,  they  must  be  represented  by  two 
circlets,  which  are  in  proportion  to  each  other  as  four  is  to 
one.  When  these  two  circles  are  so  placed  that  tlieir  outer 
rittis  shall  touch  each  other,  a  line  drawn  from  the  centre  of 
the  one  to  the  centre  of  the  other  is  termed  Uie  line  of 
ventres;  and  the  nidii  of  the  two  circles  the  proportional 
TfuUL  These  circles  are  sometimes  called  proportional 
cirrlesy  but  by  mill-wrights  in  general  pitch  lines. 

The  teeth  which  are  to  commimicate  motion  must  be 
formed  upon  these  two  circles.  The  distance  from  the  cen- 
tres of  two  circles  to  the  extremities  of  their  ret^pective  teeth, 
is  called  the  real  radii ;  and,  in  practice,  the  distance  be- 
tween the  centres  of  two  contiguous  teeth,  that  is,  the  dis- 
ce  from  the  centres  of  two  teeth  measured  upon  their 
itch  line,  is  called  the  pittli  of  the  whecL  The  straight  part 
of  a  tooth  which  receives  the  impulse  is  called  the  Jiank,  and 
llie  curved  part  that  imparts  the  impulse,  the  face* 

Two  wheels  acting  upon  one  miother  in  the  saofe  plane, 
^Jianng  their  axes  parallel  to  each  other,  are  called  spur  geer } 
^when  their  axes  are  at  right,  or  other  angles,  bevelled  geer. 

Fig.  37.  If  the  circle  1,  having  a  point  a  marked  on  its 
circumference,  moves  along  the  straight  line  A  C,  ajid  at  tlie 
same  time  revolves  on  its  axis,  the  curved  line  which  the  point 
a  describes  is  called  the  cycloid.  The  point  a  in  circle  I  is 
at  its  starting  place,  at  B  it  has  reached  its  greatest  height, 
^pid  at  C  its  lowest  depth  j  and  the  curved  line  ABC  described 
^P>y  that  pouit,  is  tbe  n/chid, 

H^  Fig,  38.  If  the  circle  I  rolls  on  another  circle,  a*«  on  the 
Heircuniference  of  circle  2,  the  point  a  describes,  in  a  similar 
^Bianner  to  the  preceding,  tlie  curve  a  g  h  d  c,  and  the  circles 
^0,4»  5,  6,  exhibit  the  point  a  in  the  several  positions  of  a',  n\ 
H'y  a*  I  C  a'  the  portion  of  circle  3  being  equal  to  ca^c*  4* 
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to  c?  a,  c»  a*  to  d^  a^  and  r*  a*  to  c*  a :  the  line  which  is 
thus  (lescrihed  is  called  an  exterhr  epicycloid.  But  if  the 
circle  rolls  within  another  circle^  as  the  circle  1^  fig.  99^  rolls 
in  the  inside  of  circle  2,  the  line  described  by  the  point  a 
is  then  called  an  ikterior  epicycloid. 

In  fiff. 38,  the  circle  amn  \s  called  the  generating  circle 
of  the  epicycloid,  and  that  portion  of  the  larger  circle  over 
which  the  generating  circle  rolls  in  one  revolution  the  base 
of  the  epicycloid.  In  the  interior  epicycloid  the  'generating 
circle  of  the  epicycloid  rolls  within  the  circle  of  its  base. 

An  epicycloid,  either  internal  or  external,  may  be  conceived 
to  be  formed  of  numerous  small  portions  of  circles,  whose 
radii  are  lines  drawn  from  the  several  points  of  contact,  as 
c,  c*,  c^,  c*,  c  being  the  centre  of  one,  c*  of  another,  and  c* 
the  centre  of  another,  so  that  these  lines  arc,  as  respects  those 
several  positions,  radiii  of  each  circle,  and  perpendiculars  to 
the  epicycloid ;  if,  therefore,  a  line  be  drawn  h-om  any  point 
where  the  generating  circle  is  in  contact  with  the  base  to  the 
point  which  traces  the  epicycloid,  it  will  hll  perpendicular 
to  the  epicycloid. 

As  the  several  lines  drawn  from  the  points  of  contact  of  the 
generating  circle  are,  in  all  cases,  the  varying  radii  for  gene- 
rating the  epicycloid,  it  is  plain  that  when  the  generating  cir- 
cle shall  have  passed  over  half  of  its  base,  and  consequently 
have  performed  half  of  a  revolution,  the  diameter  of  the  ge- 
nerating circle  shall  be  a  line  drawn  from  the  point  of  con- 
tact to  the  generating  point,  and  which  line  shall,  if  prolonged, 
pass  through  the  centre  of  the  circle  of  the  base,  so  that  the 
tracing  point  in  that  part  of  the  epicycloidal  line  shall  be  fur- 
ther from,  and  in  all  other  points  nearer  to,  the  base,  as  the 
perpendiculars  that  fall  upon  the  epicycloid  from  the  pcnnts  of 
contact  shall  m  every  other  position  be  shorter.  Suppose  the 
circle  1,  fig.  40,  to  be  a  generating  circle,  and  circle  2  to  be 
the  circle  of  the  base,  if  the  diameter  of  circle  1  be  equal  to 
the  radius  of  circle  2,  the  point  a  shall  trace  the  line  abczB 
an  interior  epicycloid ;  for  if  the  diameter  of  circle  1  be  eqmd 
to  half  of  the  diameter  of  circle  2,  so  will  the  circumference 
of  circle  1  be  equal  to  half  of  the  circumference  of  circle  2, 
and  consequently,  when  the  generating  circle  1  shedl  have 
performed  one  revolution  upon  the  circle  2,  as  its  base,  the 
point  a  shall  be  exactly  opposite  to  the  place  from  where  it 
started  :  now  the  diameter  of  circle  1  is  equal  to  the  radius  of 
circle  2  when  half  way,  and  the  tracing  point  is  exactly  in  the 
centre  of  circle  2,  which  proves,  that  the  epicycloid  traced 
by  the  circle  1  is  a  straight  line,  and  the  diameter  of  circle  2, 
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If  two  cylimlera  be  placed  in  close  contact,  motion  cannot 
be  communicated  to  the  one  without  that  motion,  by  means 
of  the  irregularities  of  tlieir  surfaces,  (of  which  we  have  spoken 
under  the  article  Fnctio/tf)  being  communicated  to  the  other, 
and  the  smaller  cylinder  shall  perform  exactly  as  many  revolu- 
tions to  one  revolution  of  the  larger  cylinder,  as  the  larger 
cylinder  contains  upon  its  circumference  so  many  measured 
circumferences  of  the  smaller  cylinder. 

Wheels,  however,  which  act  by  their  surfaces  only,  arc  ill* 
calculated  to  transmit  motion  to  any  considerable  extent,  as 
the  motion  which  the  follower  has  acquired  is  not  of  sufficient 
power  to  overcome  the  great  resistance  which  would,  in  such 
case,  be  opposed  to  it ;  consequently  it  becomes  necessary  to 
have  projections  or  teeth^  and  that  form  of  the  teeth  will  be 
the  best  which  causes  the  wheel  to  act  as  though  the  motion 
were  communicated  by  contact  of  the  pitch  lines. 

Spur  geet'f  fig.  39*.  If  the  three  circles  1,  2,  3,  in  contact 
at  the  point  a,  be  made  to  revolve  about  their  centres,  so  that 
they  fihall  coutinually  touch  at  the  point  n,  their  motions  will 
be  similar  to  what  would  have  been  generated  by  one  com- 
municating motion  to  the  other  two  by  contact ;  and  circle  3 
will  move  as  though  rolling  on  tlie  external  surface  of  circle  1, 
and  internal  surface  of  circle  2,  and  consequently  become  the 
generating  circle  of  the  exterior  epicycloid  on  circle  1,  and  the 
penernting  circle  of  the  interior  epicycloid  ou  circle  2,  As  the 
neter  of  circle  3  is  equal  to  the  radius  of  circle  2,  the  in- 
_  ►r  epicycloid  will  be  a  straight  line  passing  through  B  the 
Centre  of  circle  2  ;  and,  supposing  the  point  a  to  liavc  per- 
formed that  portion  of  a  revolution  which  places  it  at  K,  a 
portion  of  the  exterior  epicycloid  will  be  represented  by  the 
line  K  K,  and  a  purtion  uf  the  interior  epii-ycloid  by  I)  K. 
Therefore,  as  the  epicycloitis  DK  and  E  K  are  h(»th  genenited 
by  one  motion  of  the  same  point  on  the  same  circle,  they  will 
continvially  touch  at  the  generating  point,  and  the  total  sur- 
face of  E  K  will  pass  over  the  total  surface  of  D  K  ;  and  if 
Uie  cpiLych)id  E  K  he  affixed  to  the  external  surface  of  cir- 
cle 1,  and  act  upon  the  portion  of  the  epicycloid  D  K,  it  will 
tranf^mit  motion  to  circle  2,  as  though  thut  motion  were  com- 
muivic-uted  by  contuct  of  the  pitch  lines ;  which  proves  that 
K  K  present!*  us  with  the  best  form  of  tooth,  and  which  tooth 
would,  when  acting  upon  the  radii  of  the  wheel  to  be  driven, 
e  it  us  though  the  motion  were  communicated  by  contact. 
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Fig.  40*  represents  a  mode  of  farmiiii?  the  leeHi  of  wht 
rhen  they  are  to  act  upou  a  truiidle.   Circle  I  rr| 
litch  line  of  the  wheel ;  and  circle  2  the  pitch  Hnf  - 
lie  ;  which  are  supposed  to  tvct  by  contact  at  the  pohii  o. 
When  a  arrives  at  «',  it  will  have  traced  that  jwrticm   o' 
epicycloid  represented   by  «'  a*,  imd  at*  a  in  the  genei 
point  of  the  epicycloid,  the  distance  from  «  to  «',  and  fl| 
a  to  a*,  will  be  eijual ;  and  the  epicycloid  «>  n",  being'j 
nenited  by  the  proportionid  circle  or  pitch  line  of  the 
presents  us  with  the  propercst  form  tor  the  tooth  o(  n  vi 
that  is  to  drive  a  trundle  with  circular  staves  posited  ia 
pitch  line. 

We  shall  now  proceed  to  the  practical  mode  of  u 
these  rules.  Let  circle  2  be  the  proportional  circle  i 
line  of  a  trundle  ;  and  circle  1  the  pilch  Une  of  a  wheel  wldclil 
is  to  drive  that  trundle  ;  and  by  the  revolutions  of  UjCHe  tww 
circles  let  the  portion  of  an  e[)icyeloid  a'  a^  be  generated i^ 
so  that  when  a  line  ia  drawn  from  a'  tu  the  centre  of  circle  Ig, 
it  wlU  intersect  that  circle  at  /»,  whose  distimce  from  «'  i«^ 
such,  that  when  the  semi*diameter  of  a  titalT  of  the 
b  jiubtrjvcted  from  it,  the  remainder  will  be  equal  to  i 
intended  thickness  of  the  tooth  of  the  wheel.  Set  ort  per-*) 
pendicularly  to  the  epicycloid  inwards,  the  semi-diameter 
one  of  the  staves  at  so  many  pointi*  that  you  will  be  able  ti 
trace  through  the  points  thus  set  off,  a  line  parallel  to 
epicycloid  «'  «*,  which  line  will  be  the  liice  of  the  tootli 
the  wheel,  being  less  than  the  tooth  formed  by  the  epicy-j 
cloid  «'  a'  by  the  semi-diameter  of  a  btaff  of  the  trundle,i 
indeed  the  diminution  must  be  rather  more,  as  the  widtU 
JT  n-  muBt  be  made  sufficient  for  the   staves  to  dear  theni< 

s,  as  the  whole  of  the  epicycloidal  line  must  act  t]poa<] 
.  _ii  surface. 

Kig.  41.     To  describe  the  teeth  of  a  wheel  for  a  trundle,  i 
by  means  of  circular  arcs,  let  us  suppose  A  B  to  be  the  line  of  j 
centrea,  C  D  the  pitch  line  of  the  wheel,  E  F  the  pitch  Hne  of) 
the  trundle,  and  the  centre  of  the  staff  G  to  be  in  the  line  of  ^ 
centres  A  B  j  then  by  placing  one  foot  of  tlie  compasseh  in 
the  centre  of  the  staff  G,  we  can  de^crilje  the  arc  m  ?i,  which 
is  the  form  of  the  face  of  a  tooth  sufficiently  near  that  of  an 
epicycloid  for  conmion  purposes. 

Fijf.  42.  To  find  the  form  for  the  teeth  of  a  wheel  and  the 
leaver  of  a  pinion  which  are  to  act  together,  we  muat  »et  off  oti 
the  pitch  lines  the  points  m  n  «,  and  pq  r,  &e.,  according  Uti 
the  proper  thicknc8»  of  and  diKUine.e  between  the  teeth  anil 
jr«»vc9>  and   from  these  points  draw  radii,  to  ^erve  an  tjio 
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flstnks  of  the  teetb.  The  spaces  must  be  of  suffickut  depth  to 
allow  for  the  action  of  the  curved  part  of  tlic  teeth  and  leaves. 

Then  with  the  gencratuig  circle  1,  whose  diameter  is  equal 
to  the  proportional  radius  of  the  pinion,  describe  upou  the 
extremities  of  the  sides  of  each  tooth,  and  upon  the  circum- 
ference of  the  proportional  circle  of  the  wheel  as  a  base,  the 
epicycloids  a  It,  b  n;  and  with  the  generating  cii^le  2,  describe 
upon  the  proportional  circle  of  the  pinion  as  a  base,  the  epi- 
cycloid q  D,  which  will  gire  the  required  form  of  the  teeth 
and  leaves. 

For  if  the  projecting  epicycloid  a  b  push  against  the  ra- 
dius/r  of  the  proportional  pinion,  the  wheel  and  pinion  will 
move  with  equal  velocity  ;  and  a  similar  effect  will  be  produced 
by  the  epicycloid  p  D  being  pushed  by  the  radius  o  m  of  tlje 
M'heel  towards  the  line  of  centres. 

Fig.  43.  When  one  wheel  is  to  conduct  another,  it  is  not 
necessary  that  the  wheel  to  be  conducted  should  have  teeth 
of  an  epicycloidal  fonn  ;  and  were  tlie  teeth  not  subject  to 
wear  by  friction,  there  would  be  no  occasion  to  extend  th** 
teeth  of  the  conducted  wheel  beyond  the  pitch  line ;  but  such 
being  the  case,  it  becomes  necessiury  to  form  the  teeth  of  the 
wmducted  wheel  in  the  maimer  represented  in  the  figure  by 
tlie  dotted  lines. 

Mr.  Buchanan,  in   his  ^^  Essay  on  the  Teeth  of  Wheels/* 

|ecta  to  this  mode  of  forming  the  teeth  of  the  conducted 
I,  fmd  recommends  that  a  trundle  or  wheel  with  cylin- 
r\<  s  should  be  adopted,  as  it  will  be  less  acted  upon 

in  .* ,  ^  ng  the  line  nf  centres,  and  consequently  have  less 

friction  than  a  pinion  or  wheel,  the  sides  of  whose  teetli  tend 
to  the  centre. 

"  This  will  appear,**  says  he,  **  by  fig.  44,  which  repre- 
Kcnti$  a  staff,  u^  of  a  trundle,  and  a  leaf,  //,  of  a  pinion, 
turning  round  on  the  same  centre  A,  and  a  tooth  adapted  to 
cacli,  tuniing  on  a  common  centre  H.  The  thickness  of  each 
of  the  teeth,  and  the  proportional  circle  of  both  wheels,  are 
tiie  same,  and  the  proportional  circles  of  the  pinions  are  also 
rcpjal,  and  teeth  are  each  made  of  the  greatest  length  which 
the  intersection  of  the  curves  will  admit,  which  turns  out  con- 
siderably greater  in  the  tooth  adapted  to  the  staff.  The  shaded 
jjurts  represent  the  tooth  adapted  to,  and  acting  upon,  the 
staff;  and  the  dotted  lines  represent  the  tooth  adapted  to, 
tind  acting  upon,  the  leaf.  The  teeth,  in  both  cases,  arc  re- 
presented as  just  at  the  point  where  they  w^ould  cease  to 
inove  the  leaves  or  staves  imifonnJy)  and  it  appears  the  staff 
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ift  conducted  considerably  further  beyond  the  line  of  centres 
than  the  leaf;  hence  the  staff  will  be  less  acted  upon  in 
approaching  the  line  of  centres." 

As  the  trundle  in  common  use  is  very  weak  and  imperfect^ 
Mr.  Buchanan  conceived^  that  a  wheel  might  be  made,  which 
would  combine  the  advantages  of  both  the  pinion  and  trun- 
dle^ and  accordingly  had  some  wheels  made^  which  appeared 
to  answer  every  expectation. 

**  These  wheels,'  says  he,  *'  were  made  oi  cast  iron.  They 
were  each  cast  of  one  solid  mass.  Fig.  46,  No.  1,  repre- 
sents the  edge  view,  and  No.  2,  a  section  of  one  of  them; 
whereby  is  shown  the  manner  in  which  the  teeth  are  sup- 
ported, like  the  staves  of  a  trundle  at  each  end,  and  like  toe 
leaves  of  a  pinion  at  the  roots,  but  so  very  thin  there,  as  to 
run  no  risk  of  having  the  common  fault  of  pinions,  just  now 
noticed.  They  were  difficult  to  mould :  but  were  they  to 
come  more  into  use,  I  have  no  doubt  ingenious  workmen 
would  soon  get  over  this  obstacle."  *  "I  mentioned,"  he 
continues,  '^  in  cases  where  the  pinion  had  few  teeth,  that  in 
the  conducted,  whether  wheel  or  pinion,  staves  should  be  pre- 
ferred; but  it  is  obvious,  that  the  method  just  described, 
of  making  a  small  trundle  of  cast  iron,  would  not  apply  to  a 
wheel  of  a  great  number  of  staves.  Nor  is  it  in  that  case  so 
necessary,  as  the  greater  the  number  of  teeth  are,  the  longer 
they  will  be  in  losing  their  proper  figure.  In  such  cases, 
therefore,  staves,  strictly  speaking,  should  not  be  used,  but 
teeth  made  so  as  to  produce  the  same  cffect-^that  is,  having 
their  acting  parts  of  the  figure  of  a  staff.  What  is  meant 
will  be  better  understood  by  inspecting  fig.  46,  where  the 
lines  show  the  alteration  necessary  on  the  tooth  A,  in  order 
to  make  it  produce  the  effect  of  a  staff;  which  staff  is  repre- 
tiented  by  the  faint  dots.  The  dotted  lines  on  d  represent 
the  alteration  requisite  to  adapt  it  to  the  staff,  it  being  neces- 
sary, as  formerly  proved,  to  have  it  a  different  epicycloid  from 
what  is  required  to  adapt  it  to  a  tooth  whose  acting  part  is  a 
straight  line,  tending  to  the  centre  of  its  proportional  circle." 

*'  Teeth,"  says  Mr.Tredgold,  in  the  second  edition  of  Mr. 
Buchanan's  work,  '^  seem  to  be  very  well  adapted  for  va- 

*  By  casting  separate  platea  with  indents  to  fix  the  teeth,  and  bolUiw 
ihein  together,  the  pinion  might  be  made  sufficiently  strong :  such  a  methM 
indeed  is  used  frequently  in  crane-work,  where  it  has  the  important  adraiH 
tage  of  preventing  the  wheels  getting  out  of  geer. 

N.  B.  This  note  is  by  Mr.  Tredgold,  editor  of  the  second  edition  of  Bm 
chaiian's  **  Practical  Essays  on  Mill- work.*' 
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US  piirpoHcs,  when  furmed  on  the  principle  recomnieutled 
ill  the  preceding  article*  I  therefore  will  endeavour  to  show 
a  simple  method  of  describing  such  teeth. 

"  It  mubt  be  observed,  that  the  teeth  to  resemble  staves  Eire 
to  be  always  on  the  conducted  wheel  or  pinion  ;  thus  alTurd- 
ing  the  peculiar  advantage  of  the  wheel  and  trundle  in  either 
increasing  or  diminishing  velocity. 

**  Fig,  38*.  Let  the  teeth  be  divided  as  usual  on  thepitcli 
Uites^  E  E,  F  F  3  and  on  the  conducted  wheel  C  describe  cir- 
cles, aii  though  there  were  to  be  staves.  Conceive  tlie  centre 
of  one  of  these  staff  teeth  to  be  in  the  line  of  centres  at  A, 
itnd  draw  the  line  AB  joining  the  centres  of  the  staff  teeth. 
Then  the  radius  A  /»,  from  the  centre  A,  will  describe  the 
curved  sidi-  />  c  of  the  toulh  of  the  conductor,  and  the  curved 
part  ba  of  the  conducted  wheel.  And  since  this  radius  is 
equal  to  the  pitch  diminished  by  half  Uie  diameter  of  the  cir- 
cle of  the  staff  teeth,  and  the  centres  will  always  be  in  the 
pitch  lines  of  the  wheels,  all  the  other  teeth  may  be  easily 
"      ribed." 

The  editor  then  enters  into  some  calculations,  which  the 
ttfnitH  of  our  work  will  not  permit  us  to  pursue,  we  therefore 
rrfer  our  readers  to  the  work  itself,  whicli  embraces  much 
useful  information. 

Fig.  47.  When  a  pinion  is  required  to  have  but  a  slow 
ntotion,  an  internal  pinion^  which  has  less  friction  than  the 
external  one,  may,  in  many  cases,  be  adopted  with  advantage. 
To  illustrate  this,  let  A,  fig,  48,  be  the  proportional  circle 
«>r  pitdi  line  of  a  wheel,  B  that  of  an  external  pinion,  and  C 
that  of  an  internal  pinion,  all  at  contact  at  the  point  a:  now, 
il  motion  be  communicated  to  the  wheels,  so  that  they 
inove  uniforndy,  it  will  he  seen,  that  when  the  point  a  has 
arrived  at  bed,  each  of  the  wheels  having  travelled  over  an 
equal  distance  from  the  line  of  centres  D,  the  space  from  A  toe 
is  much  less  than  that  from  c  to  c/,  and  consequently  had  the 
wheels  moved  by  means  of  teetli,  the  tooth  of  the  internal 
pinion  C  would  have  slid  over  a  smaller  part  of  a  tooth  of  the 
whet'l  A»  than  a  tooth  of  t}»e  external  pinion  B,  which  proves 
it  would  have  had  Iq^s  velocity  and  lehs  friction. 

Fig*  49  represents  a  rack  and  pinion,  recoramen<lcd  by 
Mr.  Trctlgold.  A  B  the  pitch  Imc  of  the  rack,  B  C  Uie 
pitch  line  of  the  pinion,  and  the  form  of  the  tooth  C  D  is 
the  involute  of  a  circle ;  but  when  the  rack  impels  the 
pinion,  the  curbed  face  of  eacli  of  the  teetli  of  the  rack 
shcjuhl  he  a  jwrtion  of  a  rycloid,  (as  A, «,  fig.  37,)  and  the 
leaves  of  the  pinion  straight  lines  radiating  from  the  centre 
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of  the  pinion;  the   diameter  of  the  generating  circle  _ 
describing  the  cycloidal  teeth  should  be  half  the  propoitioiMKlE 
diameter  of  the  pinion.     See  Buchanan's  Practical  ~ 
on  Millrwork,    Tredgold's  edition. 

Bevel  geer. — We  hiave  already  stated,  that  when  the 
of  wheels  are  angular  to  each  other,  they  are  calM. 
bevel  geer,  in  order  to  distinguish  them  from  spur  geer^ 
whose  axes  are  parallel ;  it  therefore  now  remains  for  ut 
to  describe  in  what  manner  the  teeth  of  bevel  geer  differ 
from  the  teeth  of  spur  geer. 

Bevel  geer  is  represented  by  the  two  cones  at  fig.  50, 
where  AB  and  BC  are  the  axes,  and  X)£  and  £F  their 
proportional  diameters  or  pitch  lines. 

If  these  two  cones  are  placed  in  close  contact^  and  motioii 
is  communicated  to  the  one,  that  motion  will,  as  is  already 
stated,  be  communicated  to  the  other,  and  the  motion  of 
both,  as  we  have  shown,  when  spealdng  of  spur  geer, 
will  be  equal. 

The  epicycloid  for  forming  the  teeth  of  bevel  geer,  ig 
generated  by  one  cone  rolling  upon  the  sur£ace  of  another, 
while  their  summits  coincide :  for  example,  if  a  cone  C, 
fig.  51,  having  a  point  a,  move  upon  the  surface  of  th^ 
cone  D,  the  point  a  will,  in  its  revolutions,  describe  the 
line  A  E  F,  A  being  the  place  from  where  it  starts,  E  its 
greatest  height,  and  F  its  lowest  depth ;  therefore  a  curved 
Hue  drawn  from  A  to  E,  and  continued  from  E  to  F, 
gives  what  is  called  a  spherical  epicycloid;  and  the  base 
of  the  cone  C  is  the  generating  circle  of  the  spherical 
epicycloid.  The  method  of  using  the  spherical  epicycloid 
for  forming  the  teeth  of  bevel  geer  is,  in  every  respect^ 
similar  to  the  method  of  using  the  exterior  and  interior 
epicycloid  for  forming  the  teeth  of  spur  geer,  consequently  it 
will  be  needless  to  repeat  it. 

Fig.  52.  To  construct  bevel  geer  we  must  calculate  the 
proi)ortional  diameters  or  pitch  lines  of  the  wheel  and 
pinion  that  are  to  act  upon  each  other,  and  then  draw 
their  axes  AB  and  B  C.  Draw  parallel  to  the  axis  AB 
of  the  wheel  the  line  DE,  and  the  line  FD  parallel  to 
the  axis  of  the  pinion,  and  from  the  point  D,  where  these 
two  lines  intersect,  draw  the  line  D  G  perpendicular  to 
A  B,  and  D  H  perpendicular  to  B  C,  and  make  I G  equal  to 
Dl,  and  KH  equal  to  DK;  then  DG  gives,  what  is  called 
the  principal  diameter ^  or  diameter  of  the  pitch  line  of  the 
trheely  and  D  H  that  of  the  pinion, 
proceed  to  draw  the  teeth  of  the  wheel,  by  fixing  ono 
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H  foot  of  the  compasses  in  tlie  point  at  A,  and,  having  ex- 
tended the  other  foot  to  the  distance  G,  sweep  the  small 
arc  G  «,  tlien  set  off  the  length  of  the  tooth  from  G  to  //, 
draw  the  Hue  b  c,  tending  to  a,  and  sweep  the  arc  c  e,  cun- 
centric  to  b  a.  Set  off  from  G  to  /  part  of  the  required 
len^h  of  the  tooth,  from  the  principal  diameter  to  tiie  root; 
and  draw  tlie  line  fg  tending  to  A,  which  gives  the  root 
of  tlie   touth.     Pandlel  to /g,    draw  ae,  and    o/ge  \nnll 

I   represent  a  section  of  the  solid  ring  of  the  wheel. 
In  an  excellent  article  on  mill-work,  in  Dr.  Rees's  Cyclo- 
pedia^ the  author  states,  "  that   the  manner  of  setting  out 
the  teeth  of  cog-wheels,  in  such  a  form  that  they  shall  act  in 
the  most  equable  manner  upon  each  other,  and  with    the 

IleaiJt  friction,  has  been  a  liubjcct  of  much  investigation 
among  mathematicians  and  theoretic  mechanics  5  but  the 
practice  and  observation  of  the  mlll-VTrights  have  produced  a 
method  of  forming  cog-wheels,  which  answers  nearly,  if  not 
ftiUy,  aB  well  in  practice,  as  the  geometrical  curves  which 
theory  has  pointed  out  U)  be  the  moat  proper.  This  they 
have  effected  by  making  the  teeth  of  the  modern  wheels  ex- 
tremely small  and  numerous.  In  this  case,  the  time  of  action 
I  in  cacli  pair  of  teeth  is  so  small,  that  the  form  of  them  be- 
comes comparatively  of  slight  importance ;  rmd  the  practical 
methods  of  the  mill-MTights  (using  arcs  of  circles  for  the 
curves)  approximates  bo  nearly  to  the  truth,  that  the  dif- 
ference is  of  no  consequence  :  and  this  method  is  the  best, 
because  it  so  easily  gives  the  means  of  forming  all  the  cogs 
exactly  alike,  and  precisely  the  same  distance  asunder,  which, 
by  the  application  of  any  other  curve  than  the  circle,  is  nut 
»o  easy,  i'hc  method,which  is  extremely  simple,  is  explained 
hi  fig.  53.  The  wheel  beiug  made,  and  the  cogs  fixed  in 
much  larger  than  they  are  intended  to  be,  a  circle,  a  a,  is 
K  described  round  the  face  of  the  rough  cogd  upon  its  pifc/t 
W  diameter,  that  is,  the  geometrical  diameter,  or  acting  line  of 
the  ctjgs  ;  so  that  when  the  two  wheels  are  at  work  togetiji  r, 
*  the  pitch  circles,  « fi,  of  the  two  are  in  contact.  Another 
■  circle,  A  A,  is  described  within  the  pitch  circle  for  the  bottom 
^  of  the  teeth,  and  a  third,  dd,  without  it,  for  the  extremitica. 
Aft<fF  these  preparations,  the  pitch  circle  is  accurately  di- 
%'ided  into  the  number  which  the  wlieel  is  intended  to  have  : 
a  pair  of  compasses  are  then  opcneti  out  to  the  extent  of  one 
and  a  (luaiter  of  these  divisions,  and  with  this  radius  arcs  are 
struck  on  each  side  of  every  division,  from  the  pitch  hne  «, 
to  the  outer  circle  dd,  'J'hus  the  point  of  the  compasses 
being  set  in  the  division  *•,  the  curve  /  g,  on  one  side  of  the 
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cog,  and  n  o  on  one  side  of  the  oihtr^  stre  described ; 
tJie  point  of  file  compiiHses  being  set  on  the  adjacent  dji 
sioii  k,  the  curve  /  m  is  desrribed.  This  completer 
curved  portion  of  the  cogs  Cy  and  this  being  done  all  ^ 
completes  every  tooth  ;  the  remain iag  portion  of  tbi 
within  the  circle  a,  ib  bounded  by  two  gtraight  lines  dra\ 
from  the  pomts  g  and  m  towards  tJie  centre  j  this  bcij 
done  to  the  cogs  all  round,  the  wheel  is  »et  ont,  and  the 
being  dressed  or  cut  down  to  the  Hues,  will  be  formed  n 
for  work,  every  cog  being  of  the  same  lireadtli ;  and  the  spi 
between  ever)'  one  and  its  neighbour  is  exactly  e4ual 
breadth,  provided  the  compasses  are  opened  to  the  cx( 
one  division  and  a  quarter  as  first  described." 

COITPUNCS. 

Coupling  boxes  are  used  to  connect  the  shafts  of  wheel 
they  are  either  round  or  square,  and  with  single  or  doul 
beariugs.     The   square   coupling   with    double    bea^rtng-b, 
represented  ui  fig.  54,  where  B,  between  the  bridges  C 
i&  a  square  t^haft  with  the  coupling  box  resting  upon  \U  res 
to  be  thruiit,  when  occasion  rctpdres  it^  upon  the  ^^haft 
which  h  out  of  gccr,  and  to  which  it  can  be  fastened  by  me: 
of  a  pin,  as  shown  at  F,  where  the  sh:ifts  are  in  geer.     T| 
round  coupling,  represented  in  fig,  55,  is,  when  fastened  on 
ifthofts,  engaged  by  two  bolt«  A  B,  and  C,  which  pass  throi 
the  box   at   right   angles  to  each  other,  and  one   of  tl 
through  each  of  the  shafts.     As  it  is  almost  impractic; 
form  the  axes  of  two  shafts  with  such  accuracy  tliat  they' 
present  one  tndy  straight  line ;  and  as  the  shafts  will,  tbonj 
made  never  so  accurate,  wear  unequally,  both  tliese  coupliji 
have  been  found  to  be  somewhiit  disadvantageous  in  mil 
work.     The  square  coupling  with  one  bearing,  ia  decidec 
superior  to  either  of  the  above-mentioned,  as  it  possesses, 
a  certain  degree,  the  property  of  being  flexible  in  all  direcUoi 
In  conveying  mcjtion  through  a  great  length  of  shafts,  wl 
there  is  but  little  latend  pressure,  it  cim  be  used  to  grc    '     ' 
thge  ;  but  where  there  is  much  laternl  prti^sure  the  i?* 
found  t^)  wear  iiwny  and  •  asions  a  hobblii 

and  inaccurate  mntinn.  inn  of  this  coupUi 

k  represented  in  {)fr,  56,  whue  A  m  tltc  isquare  of  one  shj 
IJ  Uie  square  of  the  utlier,  ('  C  the  coupling  box,  and  D 
two  pins,  one  of  which  pnsses  through   each  square  of 
shafts,  in  order  U>  w*,,.ni.rf    •!>.    <r|uare   B  in  a  line  with  i\ 
square  A«     Sotr  B  is  held  in  a  line  vvitli 

square  A  by  meaji?  uj  i\  imuhj  [imjectiftn  F,  from  the  ct 
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of  the  square  A,  entering  into  a  round  hole  in  the  centre  of 
the  square  B. 

Chitrhes  or  glands  may  be  used  with  much  advantage  as 
a  coupling  for  double  bearings.  Fig.  57  represents  a  coup- 
ling of  this  kind  ;  it  consists  of  two  crosses,  A  A  and  B  B, 
one  fixed  to  each  shaft :  B  B  ha»  its  ends  bended  forward, 
nnd  Inys  hold  of  A  A,  which  turns  that  shaft  round.* 

In  boring-mills  two  Icinds  of  clutches  are  used.  The  one 
for  the  siiidler  kinds  of  work  is  represented  in  fig.  68. 
A  B  id  a  round  plate  of  cast  iron  fixed  firmly  on  the  shaft.  C ; 
D  E  a  lever  fixed  to  the  shaft  H  by  the  bolt  F,  and  capable 
of  being  moved  in  the  direction  of  the  plate  A  B,  so  that  it 
can  lay  hold  of  the  projections  G  G  GG,  which  Wl  admit  the 
boring  shaft  H  to  be  thrown  in  and  out  of  geer  at  pleasure. 

The  «ec(m<l  kind  of  boring-mill  clutch,  or  the  one  tJiat  is 
to  bore  the  largest  cylinders,  is  represented  in  fig.  59. 
riie  only  difference  between  this  clutch  and  the  one  just 
described,  consists  in  having  the  lever  D  E  to  turn  on  a  bolt 
at  F  in  a  cast  iron  plate  I  K  L,  instead  of  hanging  from  the 
shaft  fl.  Three  spare  sets  of  ears,  which  are  cast  on  the 
plate,  to  be  used  in  case  of  those  in  action  breaking,  support 
the  lever  near  the  point  of  pressure,  and  take  the  stress 
entirely  off  the  bolt  F. 

When  an  engine  is  started,  it  frequently  happens  tliat  the 
erank  is  on  the  wrong  side  of  the  axis  of  the  fly-wheel,  so  that 
both  that  and  the  shaft  make  one  or  two,  and,  if  the  attend- 
ant is  negligent,  several,  revolutions  in  the  wrong  direction. 
To  prevent  the  mischief  that  would  accrue  from  such  an  oc- 
currence, a  coupling,  as  is  represented  in  fig.  60,  is  intro- 
duced. A  and  n  are  two  vertical  shafts,  maintidned  in  the 
iss^mf"  line  by  a  small  circular  pin,  which  passes  from  the  shaft 
B  UJlo  a  cavity  on  the  shaft  A,  which  ca\^ty  is  large  enough 
tx>  admit  the  pin  t^  lay  in  it  without  communicating  motion 
to  the  shaft  A*  Tlje  shaft  B,  which  is  connected  witli  the 
moving  power,  has  a  coupling  piece  with  prominences  or 
teeth,  perpendicular  on  the  one  side,  and  inclined  on  the 
other,  fixed  on  its  upper  end.  The  coupling  or  catch  box 
C,  which  is  capable  of  sliding  freely  up  and  down  the  square 
part  of  the  shaft  A,  has  a  correspondent  set  of  teeth ;  by 
which  it  i»  evident,  that  when  the  shaft  B  turns  the  right 
way,  the  perpendicular  sides  of  the  teeth  of  the  respecti\*e 
coupling  piecctf  will  act  together,  and  carry  round  the  upper 

*  For  a  method  at  cott^tr acting  glands  we  must  re&r  oar  readens  to 
Biciunan'a  Bswyt  on  MitUivork, 
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shaft  A  ;  but  when  B  turns  in  a  contrary  direction^  the  ilN 
clincd  sides  of  the  teeth  of  the  catch-box  will  slide  over  the 
inclined  sides  of  the  teeth  of  the  piece  on  the  shaft  B,  and 
cause  the  catch-box  C  to  move  up  and  down  without  com- 
municating motion  to  the  shaft  A. 

Fig.  61  represents  the  coupling  link  used  by  Messrs.  Bool- 
ton  and  Watt  in  their  portable  steam-engines.  A,  a  strong 
iron  pin^  projectuig  from  one  of  the  arms  of  the  fly-wheel  B ; 
D  a  crank  connected  with  the  shaft  C ;  and  £  a  link  to  couple 
the  pin  A  and  the  crank  D  together^  so  that  motion  may  be 
communicated  to  the  shaft  C. 

Hook's  universal  joints  are  sometimes  used  to  communi- 
cate motion  obliquely  instead  of  conical  wheels.  Fig.  62 
represents  a  single  universal  joint,  which  may  be  employed 
where  the  angle  does  not  exceed  forty  degrees^  and  when  the 
shafts  are  to  move  with  equal  velocity.  The  shafts  A  and  B, 
being  both  connected  with  a  cross,  move  on  the  rounds  at 
the  points  C  E  and  D  F,  and  thus,  if  the  shaft  A  is  turned 
round,  the  shaft  B  will  likewise  turn  with  a  similar  motion  in 
its  respective  position. 

The  double  universal  joint,  fig.  63,  conveys  motion  in 
diiferent  directions  when  the  angle  is  between  50  and  90 
degrees.  It  is  at  liberty  to  move  on  the  points  G,  H,  I,  K, 
connected  with  the  shaft  B ;  also  on  the  points  h,  M,  N,  Ij 
connected  with  the  shaft  A :  thus  the  two  shafts  are  so  con- 
nected, that  the  one  cannot  tuni  without  causing  the  other  to 
turn  likewise.  These  joints  may  be  constructed  by  a  cross 
of  iron,  or  with  four  pins  fastened  at  right  angles  upon  the 
circumference  of  a  hoop  or  of  a  solid  ball :  they  are  of  great 
use  in  cotton  mills,  where  the  tumbling  shafts  are  continued 
to  a  great  distance  from  the  moving  power ;  for  by  applying 
a  universal  joint,  the  shafts  maybe  cut  into  convenient  fengthi^ 
and  so  be  enabled  to  overcome  a  greater  resistance. 

OF  DISENGAGING  AND  REENGAGING  MACHINERY. 

A  KNOWLEDGE  of  the  bcst  methods  of  disengaging  and  re-- 
engaging machinery,  or,  as  the  workmen  call  it,  throwing  in 
and  out  of  geer,  is  found  to  be  highly  necessary  in  most  manu- 
factories 5  and  yet  it  frequently  happens  that  tlie  workmen  are 
either  very  ignorant  of,  or  very  inattentive  to,  this  important 
subject. 

Matter  possesses  a  certaui  property  termed  inertia,  which 
has  a  tendency  to  maintain  it  in  the  state  in  which  it  actually 
is;  that  is  to  say,  if  a  body  is  set  in  motion,  this  property  has 
a  tendency  to  maintain  it  for  ever  in  that  state,  and  certainly 


•n  in  geer,  that  the  shock  proceeding  from  inertia 
•  tiie  teeth  of  the  wheels,  or  causes  destruction  to  some 
r  iHurt  of  the  machinery.  To  obviate  this  as  much  as 
ibte,  such  means  should  be  resorted  to,  as  have  been 
d  in  practice  to  answer  best.  The  risk  of  breaking 
teeth  may  be  considerably  lessened  by  first  setting 
vfaed,  that  is  to  be  thrown  in  geer,  in  motion  by  the 

le  methods  that  have  been  adopted  for  throwing  ma- 
ny in  and  out  of  geer  are  various  ;  some  of  the  principal 
Inai  we  shall  now  proceed  to  notice. 

L64  represents  the  sliding  pulley.  P  a  pulley,  having 
IT  cylmdrical  bush  made  so  that  it  can  revolve  easily 
1  the  ude  and  slide  backward  and  forward  upon  it ;  B  a 
rf  the  bush  projecting  on  one  side  of  the  pulley,  having 
tafe  sufficiently  large  to  admit  the  lever  L  to  lay  in  it 
Bat  impeding  its  motion ;  C  G  a  cross  or  gland  fixed 
to  the  axle ;  and  I,  one  or  more  teeth,  projecting  from 
niQey  on  the  side-  opposite  to  the  bush.  When  the  axle 
if  required  to  be  put  in  motion,  the  lever  L  must  be 
ed  towards  the  cross  or  gland  CG,  so  that  the  teeth 
t  the  pulley  may  catch  hold  of  and  carry  it  round  with  it. 
be  &st  and  loose  pulley  is  represented  in  fig.  65.  B  is  a 
J  firmly  fixed  on  the  axle  A,  and  C  a  pulley  i^th  a  bush, 
imk  it  can  revolve  upon  the  axle  A  without  communicating 
on  to  it.  This  contrivance  is  remarkable  for  its  beauti- 
impUcity,  as  the  axle  A  can  be  thrown  in  and  out  of 
al  pleasure,  without  the  least  shock,  by  simply  passing 
■p  mm  the  one  pulley  to  the  other. 
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backward  and  forwiird  upon  the  horizontal  ubuft  by  pt 
the  haadJc  H  H  ^  bo  tlmt  wbeo  the  siiah  B  C  la  r^qi 
to  be  put  in  motion,  the  attendant  baa  only  to  pu^b 
bayonet  into  the  pulley  D  E,  wlucfa  will  tmmediiitely 
round. 

Fig.  67  represents  one  of  the  simplest  ways  of  t?^ 
and   reengaging  wheels.     A  B,   the  bridge  of   i 
No.  if  acta  as  a  lever^  having  it£  fulcrum  at  A  ^  the 
end  of  the  bridge  B  is  capable  of  being  lifted  by  the 
K  K.     When  the  wheel,  No.  2,  is  required  to  be  throim 
of  geer,  the  key  K  K  is  pressed  downwards,  and  the  eni 
the  bridge  B  rests  upon  the  extreme  end  of  the  key^  hm  si 
by  the  dotted  lineii, 

The  tightening  roller  is  iTpresented  in  fig.  68.  A  on^ 
are  two  puUtes,  the  one  to  receive,  and  the  oil  < 
motion »  by  means  nf  the  strap  C  :  D  is  the  tii 
fastened  to  a  movable  arm  Ji,  and  connected  wiU* 
G  F.  When  the  mtjving  pulley  (suppose  A)  is  reqi 
give  motion  to  the  other  pulley  B,  the  lever  G  F  nmiil' 
pushed  downwards,  which  will  tighten  the  strap  bv  yhm' 
the  tightening  roller  in  the  position  represented  by  tiie  dot 
lines,  and  cau«e  the  pulley  A  to  carry  the  pulley  B  toy 
with  it. 

The  friction  clutch,  f  J  in  fig,  69,  is  n     '  '■    !1 

engage  and  reengage  ii  y,  when  the  velnc. 

moving  part*  la  very  great,     A   is  a  pulley,  having  a  b\ 
and  revolving  freely  on  Uie  Bhaft  SS  :  B  is  aimtber  ptd] 
Imving  a  similar  bush,  and  ako  capable  of  revolving  on 
shaft :  C  C  is  a  dish^spring,  secured  in  its  phi,ce  by  the 
p  ;i,  and  forcing  the  pidley  B  against  the  collar  D,  whidi^ 
fixed  permanently  to  the  *haft.     When   motion  is  reci 
to  be  communicated  to  the  shaft  S  S,  the  pulley  A  is 
to\5^rds  the  pulley  B,  an<l  the  teeth  projecting  from  the 
of  the  pulley  A,  clasps  those  of  the  pulluy   B,  and  carrict 
round  with  it;  and  the   friction  of  the  pulley  B  ogaii 
collar  D,  gradually  c)vercomcs  the  inertia,    and  cami 
gli;ift  and  coirnecting  machinery  alna  round. 

The  fricticni  clutch,  represented  in  tig. 70,  is  a  very  ex< 
rontrivance,  as  it  pre»cnti  all  those  injurious  shocks  whi 
the  machinery  is  apt  to  receive  upon  being  thrown  into 
CC  18   «   en)**    fixed   firm*  on    the   moving  shaft   A; 
£  is  ii  pulley  or  dnmi  fixed  firm  on  the  shaft  to  be  m< 
When  the  nhaft  B  in  required  to  be  moved,  the  ch 
bayonet  K  is  made  to  pan*  through  tiie  arms  of  the  cm 
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'*  -  r— r-  |,Q^jp  I  j^  irhirb  U  by  that  mcanj*  carried 
A.  and  Uip  friction  caused  by  fhc  screw- 
ley  E,  caused  the  driun 
!,  to  turn  like, rise, 
ijiac  m  \L\  I    in   its  effects  to  the  fric- 

I  iJie  mo^  I     ,  A,  fiff.  J],  is  fixed  a  cone 

aod  on  tlic  Hhaft  R  la  another  cone  D,  made  to  fit  in  the 
le  C.     'Hie  cone  D  i»  uiovable  on   a  square  part  of  the 
B,  aud  may,  by  a  lever,  he  moved  in  and  out  of  gecr. 
the  cone  D  is  moved  forward,  the  cone  C  receives 
by  it«  internal  surface. 
fi|f.  7^  '*  J   [  id    the    8elf-discngaging  eoupling, 

fo  thnftSv  A  an  <'ach  of  them  a  cabt  iron  wheel^  with 

oblique  wroui^ht  iron  teeth  ;  but  the  wheel  on  the  shaft 
is  oio^-abU',  on  A  it  is  fixed.  When  the  coupling  is  en- 
,  the  teeth  of  the  wliecl  C  lay  hold  of  the  teeth  of  the 
D,  arid  carry  it,  and  the  shaft  A,  round  with  tlie  shaft 
iiFG  U  a  bent  Icver^  having  its  f\dcmni  at  F,  which, 
4mmg  the  ordinary  stiess  on  B,  keeps  forward  the  bayonet  C, 
by  tiie  wdght  of  the  part  F  G ;  but  when  a  more  than  usual 
ikttm  corner  on  the  shaft  B,  the  pressure  on  the  oblique 
Itflli  $orr^9^  thr  bayonet  back,  and  disengages  the  coupling, 
mi  the  -   held  by  a  catch   until  the  coupling  is   re- 

uind  of  the  workman. 


OS  VQVAUZIHG  THE  MOTION  OF  MACHINERY. 

T«it  reguLiliou  of  tlie  velocity  of  a  mill  is  a  matter  of  very 
7    ^tnce  to  preserve  an  uniformity  of  motion,  either 
r-e  of  the  firtit  mover  is  fluctuating,  or  when  the 
'         I  tJU  varies  in  its  degree :  either  or  botli 
uftbe^L-  u>n  the  mill  to  accelerate  or  diminitih 

iU  Tcloc  1  tistancctt  it  will  have  a  very  injurious 

ui  ^  s  of  the  milL     Thus,  in  a  mill  for 

ion,  wool,  flax,  &c.,  driven  by  a  water-wheel,  are 
..j..iv...y  of  movements^  many  of  which  are  occasionally 
rsMtc'd,  in  difTercut  parts  of  the  mill,  for  various  purpoftcs. 
V    ^---  -   -sh  the  resistance  to  the  first  mover,  and 
rates.     Or,  on  the  other  hiuid,  the  bead 
^'?4  the  wheel,  may  be  liable  to  rise  and 
any  causes,  which  great  and  rapid  rivers 
t-i  r regularities  in  the  speed  of 

fhvi^'h     i       -  J  .«us  mechanics  have  adopted 

.  or  regulators,  which  counteract  all  these  causes 
ay;  aiid  a  large  mill,  so  regulated,  will  move  like 
chck,  iriJi  regard  to  its  regularity  of  velocity.     Tbe&« 
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regulators  are  usually  called  called  govemorSy  and  are  made 
on  different  principles.    Those  most  generally  used  are  called 
flying-balls,  operating  by  the  centrifugal  force  of  two  heavy 
balls,  which  are  connected  f^nd  revolve  with  a  vertical  axis. 
Fig.  189,  steam-engine,  is  the  simplest  form  of  this  ingrenious 
apparatus:  A  A  is  tne  vertical  axis,  which  is  constantly  revolv- 
ing by  the  machinery;  at  a  a  two  arms  or  pendulums,  ah^ab^ 
are  jointed,  and  carry  at  their  extremities  a  heavy  metal  ball 
each,  as  by  b;  from  the  pendulum  two  chains  or  iron  rods, 
d  d,  proceed,  and  suspend  a  collar  e,  which  slides  freely  up 
and  down  the  axis,  and  has  a  groove  formed  all  round  it,  in 
which  the  end  of  a  forked  lever,  D,  is  received;  and  thus  the 
rising  and  the  falling  of  the  collar  e,  produces  a  corresponding 
motion  of  the  end  of  the  lever  D;  but  the  collar  is  always  at 
liberty  to  turn  round  with  the  axis  freely  within  the  foric, 
at  the  extremity  of  the  lever.     The  operation  of  the  governor 
is  this :  when  the  vertical  axis  is  put  in  motion,  the  centri- 
fugal force  of  the  balls  b,  b,  causes  them  to  recede  from  the 
centre;  and  as  this  is  done  both  together,  they  cause  the 
collar  e,  and  the  end  of  the  lever,  to  rise  up:  the  balls  fly  oat 
to  a  certain  height,  and  there  they  continue  as  long  as  the 
axis  preserves  the  same  velocity;  as  it  is  the  property  of  a 
peudulous  ball,  like  b,  to  make  a  greater  effort  to  return  to 
the  perpendicular,  in  proportion  as  it  is  removed  farther  finom 
it,  in  consequence  of  the  suspending  rod  being  more  inclined, 
and  bearing  less  of  its  weight.    Tne  weight  of  the  balls  to 
return  to  the  axis  may  be  considered  as  a  constantly  increasing 
quantity;  while  the  quantity  of  the  centrifugal  force,  causing 
them  to  recede  from  the  axis,  depends  exactly  upon  the 
velocity  given  them.    But  this  velocity  increases  as  they  open 
out,  independently  of  any  increased  velocity  of  the  axis,  in 
consequence  of  tiieir  describing  a  larger  circle.    The  com- 
bination of  these  oppositely  acting  forces  causes  the  governor 
to  be  a  most  sensible  and  aelicate  regulator.    Thus :  suppose 
the  balls  hanging  perpendicular  put  the  axis  in  motion  with 
a  certidn  velocity,  the  centrifugal  force  will  cause  the  balls 
to  fly  out;  and  this  increasing  their  velocity,  (by  putting 
them  farther  from  the  centre,  and  causing  them  to  revolve  in 
a  larger  circle,)  gives  them  a  greater  centrifugal  force,  which 
wouM  carry  them  still  farther  from  the  centre,  but  for  the 
counteracting  force,  viz.  the  weight  of  the  balls  tending  to 
return.    This  is,  as  before  stated,  an  increarang  quantity, 
and  consequently  these  opposite  forces  come  to  a  point  where 
they  balance  each  other;  that  is,  the  balls  fly  out  till  their 
Aveight  to  return  balances  the  centrifugal  force.    But  if  the 
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slightest  alteration  takes  place  in  the  velocity  of  the  axis, 
the  equilibrium  is  destroyed  by  the  increase  or  diminution  of 
the  centrifugal  force,  and  the  balls  alter  their  distjincc  from 
the  centre  accordingly,  and,  by  elevating  or  depressing  the 
end  of  the  lever,  opemtc  upon  some  part  of  the  mill  to  rectify 
the  cauBe  of  the  irregularity.  In  a  steam-engine,  the  lever 
acts  upon  a  vane  or  door  situated  in  the  passage  of  tlie  steam 
from  the  boiler  to  the  cylinder  ;  and  if  the  mill  loses  in  \elo- 
city^  from  an  increase  of  resistance,  the  balls  fall  together  a 
little,  and  the  consequent  fall  of  the  lever  opens  the  door  or 
throttle- valve  a  little  wider,  and  gives  a  stronger  supply  of 
steam  to  restore  the  mill  to  its  original  velocity.  On  the 
other  hand,  if  the  mill  accelerates,  the  balls  open  out  and 
then  close  the  vane,  so  a«  to  moderate  the  supply  of  steam, 

A  water-wheel  is  not  so  easily  regulated  by  the  governor, 
because  the  shuttle  of  a  large  wheel  requires  a  mucl  greater 
force  to  raise  or  lower  it,  when  the  water  is  pressing  aijainst 
it,  than  the  lever  D,  can  at  any  time  possess;  it  therefore 
becomes  requisite  to  introduce  some  additional  machinery, 
which  has  sufficient  power  to  move  the  shuttle,  and  this  is 
thrown  in  or  out  of  action  by  the  flying  balls*  The  simplest 
contrivance,  and  that  which  we  believe  was  the  regulator  first 
used  for  a  water-wheel,  was  erected  at  a  cotton-mill  at 
Belper,  in  Derbyshire,  belonging  to  Mr,  Strutt.  A  square 
well,  or  lai-ge  cistern,  was  situated  close  by  the  water-wheel : 
it  had  a  pipe  leadujg  from  the  mill-dam  into  it,  to  admit 
water  J  and  another  pipe  from  it  Uy  the  mill-tail,  to  tidie  the 
water  away:  both  were  closed  at  pleasure  by  cocks  or  sluices. 
Within  the  well  was  a  large  floatmg  chest,  very  nearly  filling 
up  the  space :  it  of  course  rose  and  fell  with  the  water  m  the 
cistern,  and  had  a  coumiunication  by  rack  and  wheel- work 
with  the  machinery  for  drawing  the  shuttle,  so  that  the  rise 
and  fall  of  the  floating  chest  elevated  and  depressed  the 
shuttle  of  the  wheel.  The  lever  of  the  governor  was  con- 
nected with  the  cocks  in  the  tivo  pipes  in  such  a  manner, 
that  when  t-he  mill  was  going  at  its  intended  velocity,  both  of 
the  cockjj  were  shut;  but  if  the  water- wheel  went  too  slowly, 
the  falling  of  the  balls  and  descent  of  their  lever  D,  opened 
tlie  cock  in  the  piiie  of  supply,  and,  by  letting  water  into  the 
well,  raii.ed  the  noat,  and,  with  St,  the  shuttle,  to  let  more 
water  upon  the  wheel,  till  it  accjuired  such  a  velocity  that  the 
balls  begim  to  open  out  again,  and  thus  shut  the  cock :  on 
the  other  hund,  if  the  mill  went  too  fast,  the  balls  opened  the 
pipe  of  exit  from  the  utII,  and  then  the  sinking  ot  the  float 
{he  shuttle  till  the  true  velocity  was  restored. 
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Since  this  first  application  of  the  regulator  to  the  water- 
wheel,  the  manner  of  its  operation  has  been  greatly  varied; 
and  as  t!ie  same  mechanism  is  applicable  to  any  kind  of 
mill-work,  wc  ehall  give  a  slight  sketch  of  it.  Suppose  A, 
fig*  74j  an  axis,  receinng  its  motion  from  the  mill  by  wheel- 
work;  it  is  provided  with  a  pair  of  governors,  a  b^  ab,  con- 
fitxuctcd  like  those  before  described;  and  at  the  lower  part  o(^ 
the  spindle  is  a  bevelled  wheel,  R,  turning  t\vo  others,  B  ain^f 

C,  situated  upon  one  spindle,  D,  which  goes  away,  and" 
communicates  motion  to  tJic  racks  of  the  shuttle;  the  wheels, 
B  aiid  C,  are  neither  of  them  fixed  to  the  spindle  D,  but  both 
slip  round  fi*eely  lipon  it,  turning  in  contrdry  directions,  an 
they  receive  motion  from  the  opposite  sides  of  the  wheel  R* 
A  locking  clutch,  rf,  is  fitted  upon  the  spindle  between  thes« 
two  wheels,  B,  C,  and  can,  by  moving  it  one  way  or  thi 
other,  be  made  to  lock  either  one  of  the  wheels  to  the  spindli 

D,  at  the  same  time  that  it  leaves  the  other  disengaged. 
The  locking-box  is  moved  by  means  of  a  lever,  Bho\ni  in 
fig,  75,  the  arm  m  having  a  fork  to  embrace  a  groove  in  the 
box ;  the  lever  is  fixed  on  a  vertical  axis  n,  which  has  at  tb< 
upper  end  two  other  levers,  o,  p;  these  lay  one  at  each  side 
of  the  vertical  axis  A,  but  at  different  heights,  as  is  evident 
from  the  figure,  llie  collar  e,  which  is  raised  up  when  thi 
balli*  fly  out,  is  fitted  upon  a  square  part  of  the  spindle  AJ 
and  is  formed  like  a  snail  orcamm,  which  will  act  upon  cithci 
of  the  levers,  o  or  /;,  according  to  the  height  at  which 
hangs  upon  its  spindle.  Now  when  the  mill  is  going  wii 
its  true  velocity,  this  camm  e  is  at  such  a  height  that  it 
beneath  one  lever,  o,  and  above  the  other,  /;,  so  as  to  inter- ^ 
fere  with  neither;  consequently  the  loclting-box,  ti,  remains 
detached :  but  on  any  alteration  in  the  velocity  of  the  mill 
and  the  axis  A,  the  balls  open  or  shut,  as  before  explained, 
and  the  camm,  f,  either  rises  or  falls,  and  then  it  presses  against 
one  of  the  levers,  o  or  p,  and  by  pushing  it  away  fi-om  the 
•axis,  it  moves  the  lever  m,  and  the  locking-box  </,  up  to  one 

of  the  wheels,  B  or  C,  which  it  locks  to  the  axis  D,  and  tums^ 
it  round  in  the  direction  of  that  whcers  motion,  by  which  i|H 
either  raises  or  depresses  the  water-wheers  shuttle,  as  i^\ 
required.     Tliis  apparatus  may,  it  is  plain,  be  applied  to  aoy 
other  kind  of  mill -work. 

Governors  or  flying-balls  are  very  frequently  used  in  the 
wind-mills  employed  for  grinding  fiour :  the  variable  force  of 
this  first  mover  renders  some  such  regulator  necessary,  to 
increase  the  resistance,  by  allowing  a  greater  feed  of  coi 
when  the  mill  moves  too  quickly,  and  thus  in  noaie  dci 
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eoontcracting  the  irregularity.  If  the  mill  moves  too  slowly, 
the  balls  tend  to  dimiutBh  the  feed,  and  at  the  uame  time 
they  raise  the  upper  stone,  to  set  them  at  a  greater  diataDce 
asuiider,  that  Uiey  may  require  less  power  to  drive  them,  and 
consequently  suffer  the  mill,  »8  nearly  as  it  can,  to  retiun  its 
full  velocity,  though  the  motii^  force  is  gfreatly  diminished. 
This  application  of  the  governor  wa»,  we  believe,  first  made 
by  the  ingenious  captain  Hooper  of  Margate,  who  invented 
the  horizontal  wind-mill.  It  is  a  very  great  advantage,  and 
no  wind-mill  should  be  without  them.  Many  wind-mills  are 
provided  with  flying-balls,  which,  by  very  ingenious  me- 
chanism, clothe  and  unclothe  the  sails  just  in  proportion  to 
the  strength  of  the  wind. 

In  many  mills  it  is  of  consequence  to  be  able  to  detect 
small  variations  in  the  velocity,  and  to  ascertain  the  quantity 
of  them  I  for  the  governor  only  corrects  the  irregulariticB, 
without  showing  any  scale  of  them.  In  cases  where  this  is 
required,  it  may  be  done  by  a  very  ingenious  instrument, 
invented  by  Mr.  Brjan  Donkin,  of  Port- place,  Bennondscy. 
He  received  a  gold  medal  from  the  Society  of  Arts,  Manu- 
factures, and  Commerce,  in  1810,  for  this  instrument,  which 
he  calla  a  t^ichometer. 

A  front  rieiv  uf  Mr,  JJo7tkins  ttickumeict^  or  mittrtt- 
men  t  for  indkafitfg  the  vehrih/  of  Mar  hi  n  cry,  is  representetl 
in  fig,  7^9  iin*l  a  side  view  in  fig.  77'  ^  Y  Z,  fig.  7^,  is  the 
vertical  secticjn  of  a  wooden  cup,  made  of  box,  which  is 
drawn  in  elevation  at  X,  fig.  77*  The  whiter  parts  of  the 
»ectK?ti,  in  fig.  76,  represent  what  is  solid,  and  the  dark  parts 
what  is  lutllow,  Tliis  cup  is  filled  with  mercury  up  to  the 
level  h  L,  fig.  7C.  Into  the  mercury  is  immersed  the  lower 
part  of  the  upright  glass  tube  A  B,  wluch  is  filled  with 
coloured  spirits  of  wine,  and  open  at  both  ends,  so  that  some 
of  the  mercury  iu  the  cup  enters  at  the  lower  orifice,  and 
when  every  thing  is  at  rest,  supports  a  long  column  of  spiritii, 
as  represented  in  the  figure.  The  bottom  of  the  cup  it 
fastened  by  a  screw  to  a  short  vertical  spindle  D,  so  that  wiien 
the  spindle  is  whirled  round,  the  cup  (whose  figure  is  a  solid 
of  revolution)  revolves  at  the  same  time  round  its  axis,  which 
ccKBcides  with  that  of  the  spindle* 

la  consequence  of  this  rotation,  the  mercury  in  the  cup 
acquires  a  centrifugal  force,  by  which  its  particles  are  thrown 
outwards,  and  that  witli  the  greater  intensity,  according  as 
tlicy  are  more  distant  from  the  axis,  and  according  as  the 
lingular  velocity  is  greater.  Hence,  on  account  of  its  fluidity, 
the  mercury  rises  higher  and  higher  as  it  recedes  from  th« 
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aicis,  aiid  consequently  Biuks  in  the  middle  of  the  cup ; 

elevution   at  the  Mcs  and  consequent  dcpresfiion   in 
juuhllc  increasing  always  with  the  velocity  ot  rutution.     N< 
tlie  mercury  in  tlie  tube,  thousjh  it  docs  not  revolve  wif 
cup,  ciinnot  continue  higher  than  the  mercury  immet" 
surrounding  it,  nor  indeed  so  hi^h,  on  accmnt  of  the  m] 
incumbent  column  of  spirits*     Thus  the  mercury  in  tlie 
witi  8ink,  and  consequently  the  spirits  also;  but  as  thi 
of  the  tube  which  is  within  the  cup  i«  much  wider 
part  above  it»  the  deprcBsion  of  the  spiritti  will  be  mt 
greater  tlian  that  of  the  niercurj',  being  in  the  same  pre 
lion  in  whicli  the  square  of  the  larger  diameter  cxeccdfl 
square  of  the  smaller. 

Let  us  now  suppose,  that  by  means  of  a  cord  pasfiing  rout 
a  small  pulley  F,  and  the  wheel  G  or  H,  or  in  any  oIIk 
com  cnicnt  way,  the  spindle  D  is  connecteil  with  the  uiachi 
whose  velocity  ii*  to  be  ascertained.  In  forming  thiw  cof 
ricction,  we  must  be  careful  to  arrange  matters  so,  that  wh< 
the  machine  is  moving  at  its  quickest  rate,  the  angi 
velocity  of  the  cup  shall  not  be  so  great  as  to  depresiit  t) 
spiritB  below  C  into  the  wider  part  of  the  tube.  We 
also,  as  in  the  figure,  to  have  a  scale  of  inches  and 
applied  to  A  C,  the  upper  and  narrower  part  of  the  tul 
tmmeration  being  carried  downwards  from  zero,  which 
be  placed  at  the  point  to  which  the  column  of  spirit^s 
when  the  cup  is  at  rest. 

Then  the  instrument  ^vill  be  adjusted,  if  we  mark  on 
scale  the  point  to  which  the  column  of  spirits  is  dcprc: 
when  the  machine    is  moving  with   the   velocity  requii 
But,  as  in  many  cases,  and  particularly  in  ateam-cngini 
there  is  a  continued  oscillation  of  velocity,  in  those  case* 
have  to  note  the   two  points   between   which    the   colm 
oscillates  during  the  most  advantageous  movement  of 
machine. 

Here  it  is  proper  to  observe,  that  tlie  height  of  the  colum 
of  spirits  will  vary  with  tlie  temperature,  when  other  cii 
cumstances  are  the  same.  On  this  account  the  scale  ougl 
to  be  movable,  so  that,  by  slipping  it  upwards  or  downward^ 
the  zero  may  be  placed  at  tlic  point  to  which  the  coli 
rcache»  when  the  cup  is  at  rest ;  and  thus  tlie  instnmici 
may  be  adjusted  to  tJie  particuhvr  temperature  with  the  ntniof 
facility,  and  with  hufficient  jircciHion.  The  essential  part^ 
the  tachometer  have  now  been  mentioned,  as  well  i\^  tl 
inethod  of  adjustment;  but  certain  circumstances  rcmMii 

>rv   &>Ulcd. 
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The  form  of  the  cup  is  adapted  to  render  a  smaller  quantity 
of  mercury  sufficient,  than  what  must  liave  been  employed 
cither  witli  a  cylindrical  or  licmispherical  vessel.  In  every 
case  two  precautions  are  necessary  to  be  observed  : — first, 
tliat  when  the  cup  is  revolving  with  its  greatest  velocity,  the 
mercury  in  the  middle  shall  not  sink  so  low  as  to  allow  any 
of  the  spirits  in  the  tube  to  escape  from  the  lower  orifice, 
and  that  the  mercurj',  when  most  distant  from  the  axis,  shall 
^jiot  be  thrown  out  of  the  cup.  Secondly,  that  wlieu  the  cup 
LIS  at  rest,  the  mercury  shall  rise  so  high  above  the  lower  end 
of  the  tube,  that  it  may  support  a  column  of  spirits  of  tlie 
^proper  length. 

Now  in  order  thut  the  quantity  of  mercury,  consistent 
[with  these  conditions,  may  be  reduced  to  its  nunimum,  it  is 
leccisary — first,  that  if  M  M,  fig.  7^,  is  tiie  level  of  the 
iiercury  at  the  axis,  when  the  cup  is  revolving  with  tlie 
;rentest  velocity,  the  upper  part  M  M  X  Y  of  the  cup  should 
>e  of  sudi  a  form  as  to  have  the  sides  covered  only  with  a 
film  of  the  fluid  j  and,  secondly,  that  for  the  purpose  of 
ig  the  small  quantity  of  mercury  to  the  level  L  L,  which 
lay  support  a  proper  height  of  spirits  when  the  cup  is  at 
rest  I  the  cadty  of  the  cup  should  be  in  a  great  measure 
•cupied  by  the  block  K  K,  having  a  cylindrical  perforation 
the  middle  of  it  for  the  immersion  of  the  tube,  and 
saving  sufficient  room  within  and  around  it  for  the  mercury 
move  freely  both  along  the  sides  of  the  tube  and  of  the 
ressel. 

TJic  block  K  K  is  preserved  in  its  proper  position  in  the 
cup  or  vessel  X  Y  Z,  by  means  of  three  narrow  projecting 
lips  or  ribs  placed  at  equal  distances  round  it,  and  is  kept 
rising  or  floating  upon  the  mercury  by  two  or  three 
lall  iron  or  steel  pins  inserted  into  the  under  side  of  the 
iver,  near  the  aperture  through  which  the  tube  passes. 
It  would  be  extremely  difficult,  however,  nor  is  it  by  any 
\emid  important,  to  give  to  the  cup  the  exact  form  which 
rould  reduce  the  quantity  of  mercury  to  its  minimum ;  but 
shall  have  a  sufficient  approximation,  which  may  be  exc- 
ited with  great  precision,  if  the  part  of  the  cup  above  M  M 
made  u  parabolic  nonotd,  the  vertex  of  the  generating  para- 
>la  being  at  that  point  of  the  axis  to  which  the  mercury 
tiks  at  its  lowest  depression,  and  the  dimensions  of  tho 
trabola  being  determined  in  the  following  manner.  Let 
^■>  ^S*  7^f  represent  the  axis  of  tlie  cup,  and  V  the  point 
which  the  mercury  sinks  at  its  lowest  depression  ;  at  any 
C  above  V,  dniw  G  H  pcrpendicuku*  to  V  G  |  let  n  bo 
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the  number  of  resolutions  which  the  cup  Is  to  pertemin 
F  at  its  quickest  motion ;  let  v  be  the  number  of  mdm 
which  a  body  would  describe  uniformly  in  V^^  with  the  Telo- 
city acquired  in  falling  from  rest^  through  a  heighl  xa  to 

GV,andmake  GH  =  -5-4^— .    Then,  the  parabola  to  he 

determined  is  that  which  has  t;  for  its  vertex,  V  O  for  ito 
axis,  and  G  H  for  its  ordinate  at  G.  Th^  cup  has  a  lid  to 
prevent  the  mercury  from  being  thrown  out  of  it,  an  event 
which  would  take  place  with  a  very  moderate  velocity  d 
rotation,  unless  the  sides  were  raised  to  an  inconvenient 
height ;  but  the  lid,  by  obstructing  the  elevation  at  the  odes 
of  the  cup,  will  diminish  the  depression  in  the  middle,  and 
consequently  the  depression  of  spirits  in  the  tube :  on  thiB 
account  a  cavity  is  formed  in  the  block  immediately  above 
the  level  LL,  where  the  mercury  stands  when  the  cup  is  at 
rest  'y  and  thus  a  receptacle  is  given  to  the  fluid,  which  would 
otherwise  disturb  the  centrifugal  force  and  impair  the  aenid* 
bility  of  the  instrument. 

It  will  lie  observedi  that  the  lower  orifice  of  the  tube  is 
turned  upwards.  By  this  means,  after  the  tube  has  been 
filled  with  spirits  by  suction,  and  its  upper  orifice  stopped 
with  the  finger,  it  may  easily  be  conveyed  to  the  cup  and 
immersed  in  the  quicksilver  without  any  danger  of  the  spiriti 
escaping ;  a  circumstance  which  otherwise  it  would  be  ex- 
tremely dif&cult  to  prevent,  since  no  part  of  the  tube  can  be 
made  capillary,  consistently  with  that  free  passage  to  the 
fluids,  which  is  essentially  necessary  to  the  operation  of  the 
instrument. 

We  have  next  to  attend  to  the  method  of  putting  the 
tachometer  in  motion  whenever  we  wish  to  examine  the  velo- 
city of  the  machine.  The  puUey  F,  which  is  continually 
whirling  during  the  motion  of  the  machine,  has  no  connec- 
tion whatever  with  the  cup,  so  long  as  the  lever  Q  R  is  left 
to  itself.  But  when  this  lever  is  raised,  the  hollow  cone  T, 
which  is  attached  to  the  pulley  and  whirls  along  with  it,  is 
also  raised,  and  embracing  a  solid  cone  on  the  spindle  of  the 
cup,  communicates  the  rotation  by  friction.  When  our  ob- 
servation is  made,  we  have  only  to  allow  the  lever  to  drop  by 
its  own  wdght,  and  the  two  cones  wiM  be  disengaged,  and 
the  cup  remain  at  rest. 

The  lever  Q  R  is  connected  by  a  vertical  rod  to  another 
lever  S,  havmg,  at  the  extremity  S  a  valve,  \i^ch,  when  the 
lever  Q  R  is  raised,  and  the  tachometer  is  in  motion,  if 
lifted  up  from  the  top  of  the  tube,  so  as  to  adnoit  the  exterod 
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f  air  upon  the  deprti^sioTi  of  the  spirits ;  on  the  other  hand, 
when  the  lever  Q  R  falls,  and  the  cup  is  at  rest,  the  valve 
at  S  closes  the  tube,  and  prevents  the  spirits  from  being 
wasted  by  evaporation. 

It  LB  lasUv  to  be  remarked,  that  both  the  senHibility  and 
the  range  of  the  instrument  may  be  infinitely  increased  ;  for, 
on  the  one  hand,  by  enlarging  the  proportion  between  the 
dixuneters  of  the  wide  and  narrow  parts  of  the  tube,  we 
enlarge  in  a  much  higher  proportion  the  extent  of  scale  cor- 
responding to  any  given  variation  of  velocity ;  and  on  the 
other  hand,  by  deepeidng  the  cup  so  as  to  admit  when  it  is 
at  rest  a  greater  height  of  mercury  above  the  lower  end  of 
the  tube,  we  lengthen  the  column  of  spirits  which  the  mer- 
cury can  support,  and  consequently  enlarge  the  velocity, 
which,  with  any  given  sensibility  of  the  instnmient,  Ik  re- 

?[nt»ite  to  depress  the  spirits  to  the  bottom  of  the  sciile. 
^cnce  the  tachometer  is  capable  of  being  employed  in  very 
ddicatc  philosophical  experiments,  more  especially  as  a 
scale  might  be  applied  to  it,  indicating  equal  mcrements  of 
velocity.  But  in  the  present  account  it  is  merely  intended 
to  stnte  how  it  may  be  adapted  to  detect  in  maclibiery  every 

I  deviation  from  the  most  advantageous  movement. 
General  Ohstrt'utitma. — In  setting  out  the  geering  of  a 
mill,  it  should  be  Uie  object  of  the  engineer  to  place  the 
heaviest  machinery  nearest  the  moving  power,  as,  in  trans- 
mitting motion  to  a  great  distance,  not  only  the  weight  of 
shafting  is  to  be  taken  into  consideration,  but  the  friction 
^vbich  exists  in  all  the  different  bearings,  and  which  is 
greatly  increased  by  a  small  obstacle  placed  beyond  those 
bearings* 

IC  are  likewise  should  be  taken  to  make  as  few  bearings  as 
pon»ible,  still  keeping  in  view  that  the  sluifts  must  not  be 
allowed  to  swag.  Rules  might  be  given  for  tlie  distances  of 
the  bearings  of  the  shafting,  if  the  shafting  had  only  la  move 

»  itself,  but  having  to  carry  various  sized  pullies,  both  their 
weight  and  the  weight  of  the  machinery  they  turn  must  be 
taken  bito  consideration,  which  compel  us  to  forego  the  at- 
tempt ;  it  is,  however,  necessary  to  state,  that  it  is  better  to 
have  a  bearing  too  many  than  to  allow  a  shaft  to  bend,  as  it 

»  cannot  then  run  true  in  its  steps  or  journals. 
In  forming  couplings,  great  care  should  be  taken  to  make 
them  fit,  &o  that  the  coupled  Hhaft  may  move  as  though  of 
the  same  piece  with  the  driving  shuft :  nor  can  simplicity  be 
too  strongly  recommended^  that  the  coupled  shaft  may,  in 
of  au  accident,  be  instantaneously  dibengaged^  for  the 
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loss  of  time  arising  from  any  accident  is  of  serious  im- 
portance to  the  manufacturer.  Couplings  should  be  plaGed  ^ 
near  the  bearings,  as  there  is  there  the  least  swag,  and  the  J 
shaft  is  of  course  the  weakest  at  the  couplings,  llie  saoia  : 
observation  is  applicable  to  the  disposing  of  wheels  and  ' 
pullies. 

PuUies  have  been  sometimes  formed  in  two  halves  fat 
putting  upon  the  shaft  without  taking  the  shaft  down,  bat 
their  adoption  is  by  no  means  general,  as  there  is  some 
di£Biculty  in  fixing  them  true  whilst  the  shaft  is  in  its  place. 

Straps  to  drive  geering  should  be  avoided  whenever  wheds 
can  be  substituted,  as  they  are  very  liable  to  stretch  and 
break,  and  do  not  transmit  regular  motion.  In  fixing  the 
wheels  and  pullies  upon  a  shaft,  which  is  mostly  done  by 
driving  wedges  in  the  bush  of  the  wheel  or  puUey,  called 
staking  them  on,  great  pains  should  be  taken  to  have  them 
true,  which  can  only  be  done  by  driving  the  wedges  regu- 
larly on  each  side  to  the  same  degree  of  tightness.  It  most 
generally  happens  when  one  wedge  is  over-driven,  the  work- 
men, rather  than  take  the  trouble  to  alter  it,  will  let  it  re- 
main; but  this  is  of  more  importance  than  is  generally 
ima^ned,  for  if  a  wheel  is  not  true,  it  cannot  work  in  the 
pitch  line,  all  round,  and  where  it  is  out  it  will  shake,  or  have, 
what  is  called,  back-lash^  which,  happening  always  in  the 
same  place,  will  wear  the  wheels  irregtdarly.  If  a  puUey  is 
not  true,  it  will  communicate  irregular  motion  by  its  strap, 
and  likewise  cause  an  irregular  stress  upon  the  shaft  on  vdiich 
it  works,  much  to  the  detriment  of  the  bearing. 

Chains  have  been  beneficially  introduced  as  substitutes 
for  straps  in  driving  heavy  geer. 

Shafts  tihould  be  circular,  as  they  are  less  likely  to  catch 
any  thing,  and  have  a  much  neater  appearance.  The  same 
may  be  said  of  couplings.  The  wheels  of  the  geering 
should  be  always  enclosed  in  a  casing  of  wood,  called  boxing 
qff^  to  prevent  any  thing  falling  in  between  them,  or  accidents 
occurriuic  to  tlie  people  who  mar  be  working  near  them.  The 
wheels  should  be  furnished  with  brushes  resting  upon  their 
£ices,  to  distribute  the  grease  equally  and  to  keep  it  betvreen 
the  teeth :  and  on  starting  a  new  pair  of  wheels,  a  little 
emery  may  be  put  on  with  the  grease,  to  bring  them  to  a 
sauooth  fiicc. 

The  following  general  observations  on  the  constmctioii 
of  Mai  H INKS,  and  on  the  regulating  of  their  motious,  appear 
U)  be  \\\^\\\\  worthy  of  the  Mill-wriglit's  attention ;  we 
1^.1  vo,  thcictVuw  oxUracted  them   itoxa  i)r.  Robiaons  article 
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Oil  Machinery^  inserted  in  the  Supplement  to  Uie  K^tyclo 
p^Bdia  Britannica^ 

Wlien  heavy  stampers  are  to  be  ralbed,  iu  order  to 
drop  on  tlic  uiatters  to  be  pounded,  the  wipers  by  which 
they  are  lifted  should  be  made  of  such  a  form,  tJxat  tlic 
ataiuper  may  be  used  by  a  uniform  pressiure,  or  with  a 
motion  ahuo£it  perfectly  uniform.  If  this  is  not  attended 
to,  and  the  wiper  is  only  a  pin  sticking  out  from  the  axis, 
the  stamper  is  forced  into  motion  at  once.  This  occasions 
violent  jolts  to  the  machines,  and  great  strains  on  its  moving 
and  their  points  of  support ;  whereas,  when  they  are 
ually  lifted,  the  inequality  of  desultory  motion  is  never 
It  at  tlje  impelled  point  of  the  machine.  We  have  seen 
pistons  moved  by  means  of  a  double  rack  on  the  piston 
rod.  A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to 
the  required  height.  The  moment  the  half  wheel  has  quit- 
led  that  side  of  the  rack,  it  lays  hold  of  the  other  side,  aud 
forces  the  piston  down  again.  This  is  proposed  as  a  great 
improvement;  connecting  the  unequable  motion  of  the 
piston  moved  in  the  common  way  by  a  crank.  But  it  is  far 
iufcrior  to  the  crank  motion.  It  occasions  such  abrupt 
changes  of  motion,  that  the  machine  is  shaken  by  jolts. 
Indeed,  if  the  movement  were  actually  executed,  the  machine 
would  be  shaken  to  pieces,  if  the  parts  ditl  not  give  way  by 
bending  and  yielding.  Accordingly,  we  have  always  observed 
tlmt  this  motion  soon  failed,  and  was  changed  for  one  that 
was  more  smooth.  A  judicious  engineer  will  avoid  all  such 
sudden  changes  of  motiou,  especially  iu  any  ponderous  part 
of  a  machine. 

When  severed  stampers,  pistons,  or  other  reciprocal 
movers,  are  to  be  raised  and  depressed,  common  sense  teaches 
us  to  distribute  their  times  of  action  in  a  uniform  manner,  st) 
tiiat  the  machine  may  always  be  equally  loaded  with  work. 
When  this  is  done,  and  the  observations  in  the  preceding 
|>anigraph  attended  to,  the  machine  may  be  made  to  nu*ve 
almost  as  smoothly  as  if  there  were  no  reciprocations  in  it. 
Nothing  shows  the  ingenuity  more  than  the  iutful  yet  simple 
and  effectual  contrivances  for  obviating  those  difficulties 
that  unavoidably  arise  from  the  very  nature  of  the  work 
that  must  be  performed  by  the  machine,  and  of  the  power 
eiiJpluyed, 

There  is  also  great  room  for  ingenuity  and  good  choice 
iu  the  manugc'ineat  of  the  moving  power,  when  it  is  such  as 
cannot  inuuedlately  produce  the  kind  of  motion  required  for 
ell'cctiiig  the  purpose.     We  mentioned  the  con  version  of  the 
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continued  rotation  of  an  axis  into  the  reciprocating 
of  a  piston,  and  the  improvement  which  was  thought  to  liavc 
been  made  on  the  conmion  and  obvious  contrivance  of  a 
crank,  by  substituting  a  double  rack  on  the  piston-rod,  and 
the  inconvenience  arising  from  the  jolts  occasioned  by  tiiis 
change.  We  have  seen  a  great  forge,  where  the  engineer, 
in  order  to  avoid  the  same  inconvenience  arising  from  the 
abrupt  motion  given  to  the  great  sledge  hammer  of  seven 
hundred  weight,  resisting  with  a  five-fold  momentum,  formed 
the  wipers  into  spirals,  which  communicated  motion  to  the 
hammer  almost  without  any  jolt  whatever;  but  the  result 
was,  that  the  hammer  rose  no  higher  than  it  had  been  ndeed 
in  contact  with  the  wiper,  and  then  fell  on  the  iron  bloom 
with  very  little  effect.  The  cause  of  its  inefficiency  was  not 
guessed  at ;  but  it  was  removed,  and  wipers  of  the  common  form 
were  put  in  place  of  the  spirals.  In  this  operation,  the  ttapid 
motion  of  the  hammer  is  absolutely  necessary.  It  is  not 
enough  to  lift  it  up ;  it  must  be  tossed  up,  so  as  to  fly  higher 
than  the  wiper  lifts  it,  and  to  strike  with  great  force  the  strong 
oaken  spring  which  is  placed  in  its  way.  It  compresses  this 
spring,  and  is  reflected  by  it  with  a  considerable  velocity,  so 
as  to  hit  the  iron  as  if  it  had  faUen  from  a  great  he^;hl. 
Had  it  been  allowed  to  fly  to  that  height,  it  would  bive 
fallen  upon  the  iron  with  somewhat  more  force,  (because  no 
oaken  spring  is  perfectly  elastic,)  but  this  would  luive  re- 
quired more  than  twice  the  time. 

In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  mmon  (as  in 
applying  the  steam-engine  to  a  cotton  or  grist  mill,)  there 
also  occur  great  difiiculties.  The  necessity  of  reciprocation 
in  the  first  mover  wastes  much  power ;  because  the  instru- 
ment which  communicates  such  an  enormous  force  must  be 
extremely  strong,  and  be  well  supported.  The  impdling 
power  is  wasted  in  imparting,  and  afterwards  destroying,  a 
vast  quantity  of  motion  in  the  working  beam.  The  sldlfiil 
engineer  will  attend  to  this,  and  do  his  utmost  to  procure  the 
necessarv  strength  of  this  first  mover,  without  making  it  a 
vast  load  of  inert  matter.  He  will  also  remark,  that  all  the 
strains  on  it,  and  on  its  supports,  are  changing  their  direc- 
tions in  every  stroke.  This  requires  particular  attention  to 
the  manner  of  supporting  it.  If  we  observe  the  steam- 
engines  which  have  been  long  erected,  we  see  that  they  have 
uniformly  shaken  the  building  to  pieces.  This  has  been 
owing  to  the  ignorance  or  inattention  of  the  engmeer  in  this 
particular.    They  are  much  more  judiciously  erected  now. 
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experience  having  taught  the  most  iju^iorant  that  no  building 
can  witligtand  their  desultory  and  opposite  jolts,  and  that 
the  great  movements  nius^t  be  supported  by  a  frame-work 
independent  of  the  building  of  masonry  which  contains  it.* 

The  engineer  will  also  remark,  that  when  a  single-strokr* 
•^team -engine  is  made  to  turn  a  mill,  all  the  communicationft 
of  motion  change  the  directittn  of  their  pressure  twice  every 
stroke.  During  the  working  istroke  of  the  beam,  one  aide  of 
the  teeth  of  the  intervening  wheels  is  pressing  the  machinery 
forward;  but  duriug  the  returning  stroke,  the  machinery, 
already  in  motion,  is  driigging  tJie  beam,  and  the  wheels  are 
acting  with  the  other  side  of  the  teeth.  This  occasions  a 
rattling  at  every  change,  and  makes  It  proper  to  fashion 
both  sides  of  the  teeth  with  the  same  care. 

It  will  frequently  cx)nduce  to  the  good  performance  of  an 
engine,  to  make  the  action  of  the  resisting  work  unequable, 
accommodated  to  the  inequalities  of  the  impelling  power. 
Thitf  will  produce  a  more  uniform  motion  in  machinCH  in 
which  the  momentum  of  inertia  is  inconsiderable.  'Inhere 
arc  some  beautiful  specimens  of  this  kind  of  adjustment  in 
the  mcchani&m  of  animal  bodies. 

It  is  very  customary  to  add  what  Ib  called  a  Jly  to  ma- 
chincB.  This  is  a  heavy  disk  or  hoop,  or  other  maiss  of 
matter  baUmced  on  ifs  axis^  and  so  connected  with  the 
macbincry  as  to  turn  brittkly  round  with  it.  This  may  be 
done  with  the  view  of  rendering  the  motion  of  the  whole 
more  regular,  notwithetiinding  unavoidable  inequalities  of  the 
accelerating  forces,  or  of  the  resistances  occasioned  by  the 
work.  It  becomes  a  regulator.  Stippose  the  resistance  ex- 
tremely unequal,  and  the  impelling  power  perfectly  constant; 
;i8  when  a  bucket-wheel  is  employed  to  one  pump.  When 
the  piston  has  ended  its  working  stroke,  and  while  it  is  going 
down  the  barrel,  the  power  of  the  wheel  being  scarcely  op- 
posed, it  accelenites  the  whole  machine,  and  the  pist4>n 
arrives  at  the  bottom  of  the  barrel  with  a  considerable  veto- 
city.  But  in  the  rihing  again,  t!ie  wheel  is  opposed  by  the 
column  of  water  now  pressing  on  the  piston.  T\\\%  inuno- 
diately  retards  the  wheel ;  and  when  the  piston  has  reached 

•  The  giidgcoijs  of  a  wnter-whcel  should  never  rest  on  llic  wall  of  Lite 
litdint;.     It  sluikes  Jl ;  aud  if  set  up  irkui  after  the  hmWitig  has  been 


i...,„1  •  ,...h.,, 


Juiiter- 
to  rest 
hiifi  a 


hollaw.     Titii  »otieos  uil  tremors,  hke  spnnt 
Tbi»  pnicUc«  woukl  be  very  setviceabU'  id  ro^i> 
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the  Uip  of  the  barrel,  ;Ul  the  accelerulion  is  undone,  and  tt 
begin  agiiin.     The  motion  of  such  a  niachiae  is  very  hoi 
hluig :  but  the  aupcrplus  of  accelemtuii^  force  at  the 
ning  of  u  returning  stroke  will  not  make  such  a  chm 
the  motion  of  t}ic  machine  if  we  connect  the  fly  with  It. 
the  accelerating  momentum  is  a  determinate  quantity, 
fore,  if  the  radius  of  the  fly  be  great,  this  momentum 
attained  by  communicating  a  tnnall  angular  niulion  to  th 
chine. 

The  momentum  of  the  fly  is  aa  the  square  of  its  radliul 
Uierefore    it   resists   acceleration   in    this   proportion 
although  the  overplus  of  power  generates  the  same  dm 
turn  of  rotation  in  the  whole  machine  as  before,  it  mak( 
a  small  addition  to  its  velocity.     If  the  diameter  of  th^ 
be  doubled,  the  augmentation  of  rotation  will  be  reducal_ 
one-fourth.     Thus,  by  giving  rapid  motion  to  a  email     ~ 
tity  of  matter,  the  great  acceleration  during  the  rcti 
stroke  of  the  'piston  is  prevented.     This  acceleration  coni 
nues^  however,  during  the  whole  of  the  returning  gtrokc,  m 
at  the  end  of  it  the  machine  has  acquired  its  greatest  velij 
city.     Now  the  working  stroke  begins,  and  tlie  overpln>i 
power  is  at  an  end.     The  machine  accelerated  no  more  ;  bi 
if  the  power  is  junt  in  eqnilibrio  with  the  resistance,  it  kecj 
the  velocity  which  it  has  acquired,  and  is  still  more  acceJi 
rated  during  the  next  returning  stroke.     But  now,  at  the  bej 
^nning  of  the  subsequent  working  stroke,  there  is  an  oj 
plus  of  resistance,  and  a  retardation   begins,  and  conl 
during  the  whole  rise  of  the  piston  ;  but  it  is  inconsid* 
in  comparison  of  what  it  would  have  been  without  the  flyl 
for  the  fly,  retaining  its  acquired  momentum,  drags  forwi 
the  rest  of  the  machine,  aiding  the  impelling  power  of 
wheel.    It  does  this  by  all  the  commuMcations  taking  into  ead 
other  in  the  opposite   direction.     The  teeth  of  the  intrrvci 
j  Is  arc  heard  to  drop    from  their  former  ct 

■  >  to  a  conttct  on  the  other.    By  considering 

ceas  with  attention,  we  easily  perceive  that,  in  a  few  strukcs 
ilie  overplus  uf  power  durifig  the  returning  stroke  Comes 
be  so  adjusted  to  the  tieficiency  during  the  working  strol 
tJiat  the  accelerations  and  retardations  exactly  destroy  ea< 
Other,  and  every  succeeding  stroke  is  made  with  the  sat 
velocity,  and  an  equal  number  of  strokes  is  made  in  cvq\ 
succeeding  minute.     Thus  the  machine  accpiircs   a   j^enei 
uniformity  with  periodicaUnequaUtics,    It  i^*  f 
ficiently  enlarging  either  the  diameter  or  the 
ilie  irrcgidarity  of  the  motion  luay  be  rendered  iu»  small  an 
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please.  It  u  much  better  to  enlarge  the  diameter.  Tins 
preserves  the  friction  more  moderate,  and  the  pivot  wearsi 
less.  For  these  reasons  a  fly  is  in  general  a  considerable  im- 
provement in  machinery,  by  equalizing  many  exertions  that 
are  naturally  very  irregular.  Thu^j,  a  man  working  at  a  com- 
mon windlass  exerts  a  very  irregular  prestiure  on  the  winch* 
Jn  one  of  his  positions,  in  each  turn  he  can  exert  a  force  of 
near  70  lbi».  without  fatigue,  but  in  another  he  cannot  exert 
above  26  Iba  ;  nor  must  he  be  loaded  with  much  above  this 
in  genera!.  But  if  a  large  fly  be  connected  properly  with 
the  windlass,  he  will  act  with  equal  ease  and  speed  againfit^ 
*^  lbs. 

This  regulating  power  of  the  fly  is  without  boundi»,  and 
may  be  used  to  render  uniform  a  motion  produced  by  the 
most  desultory  and  irregular  power.  It  is  thus  that  the  most 
regular  motion  is  given  to  mills  that  are  driven  by  a  single* 
stroke  steam-enginej  where,  for  tw  o,  or  even  three  seconds, 
there  is  no  force  pressing  round  the  mUl,  The  communica- 
tion is  made  through  a  massive  fly  of  very  great  diameter^ 
whirling  with  great  rapidity.  As  soon  as  the  impulse  ceases, 
the  fly,  continuing  its  moti<»n,  urges  round  the  whole  ma- 
chinery with  almost  unabated  speed.  At  this  instant  alt  the 
teeth,  and  all  the  joints,  between  t!»e  fly  and  the  first  mover, 
are  heard  to  catch  in  the  oppoijite  direction. 

If  any  permanent  change  -should  happen  in  the  impelling 
power,  or  in  the  resistance,  the  fly  makes  no  obstacle  to  it* 
producing  its  full  effect  on  tltc  machine;  and  it  will  be  observed 
to  accelerate  or  letard  uniformly,  till  a  new  general  speed  its 
acquired  exactly  correspooding  with  thu  new  power  and 
rtatstiioce.  .• 

Many  machines  include,  in  thHr  construction,  movenicoU 
which  are  equivalent  with  this  jutenlional  regulator.  A 
ilour  mill,  for  example,  cannot  be  better  regidatcd  th;in  by 
its  miU-*"ton^  •,  but  in  the  Albion  Mills,  a  hejivy  fly  wit**  ad»j'_*d 
with  gn  riety;  for  if  the  mills  had   : 

their  n»i  ^  only,  then,  at  every  chan. 

Steaon-engine,  the  whole  train  of  cl  ^ 

the  Impimu,  which  is>  the  first  mover,  ana    „     .  ^^ ^   . -.  i- 

stooe,  whicii  is  the  very  last  mover,  would  take  in  the  op|>o* 
site  direction.  Although  each  drop  in  the  ti-eth  and  jointi 
be  but  a  trifle,  the  whole,  added  together,  would  make  a  con- 
»i(lr  ''  '  U.  This  is  avoided  by  a  regulator  iniDicdiiitcly 
t^  bemn.  'Hiis  cm  ttinually  presses  the  working 
cction.  So  judiciously  were  i' 
uia<'lm»e  contri>ed,  and  so  i^i  4 
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they  executed^  that  not  the  least  noise  was  heard,  nor  the 
slightest  tremor  felt  in  the  building. 

Mr.  Valoiie'r^t  beautiful  pile  engine,  employed  at  Westmin- 
ster bridge,  is  another  remarkable  instance  of  the  regulating 
power  of  a  fly.  When  the  ram  is  dropped,  and  its  follower 
disengaged  immediately  after  it,  the  horses  would  instantly 
tumble  down,  because  the  load,  against  which  they  had  been 
straining  hani,  is  at  once  taken  off;  but  the  gin  is  connected 
with  a  very  large  fly,  which  checks  any  remarkable  accelera- 
tion, allowing  the  horses  to  lean  on  it  during  the  descent  of 
tlie  load ;  after  which  their  dmught  recommences  immedi- 
ately. The  spindles,  cards,  and  bobbins,  of  a  cotton  mill, 
are  ulso  a  sort  of  flies.  Indeed,  all  bulky  machines  of  the 
rotative  kind  tend  to  preserve  their  motion  with  some  degree 
of  steadiness,  and  their  gpreat  momentum  of  inertia  is  as  use- 
ful in  tliis  respect  as  it  is  prejudicial  to  the  acceleration  or 
any  reciprocation  when  wanted.  There  is  another  kind  of 
regulating  fly,  consisting  of  wings  whirled  briskly  round, 
till  the  resistance  of  the  air  prevents  any  ^reat  acceleration. 
This  is  a  very  iMftd  one  for  a  working  machme,  for  it  produces 
its  cflect  by  really  ttmsting  a  part  of  tlie  moving  powers. 
Frequently  it  employs  a  very  great  and  unknown  part  of  it, 
and  robs  the  proprietor  of  much  work.  It  should  never  be 
introduced  into  any  machine  employed  in  manu&ctures. 

Some  rare  cases  occur  where  a  very  different  r^ulator  is 
required  :  where  a  certain  determined  velocity  h  found  ne- 
cessary. In  this  case  the  machine  is  foniished,  at  its  ex- 
treme mover,  with  a  conical  pendulum,  consisting  of  two 
heavy  balls  hanging  by  rods,  which  move  in  v«ry  nite  and 
steady  joints  at  tibe  top  of  a  vertical  axis.  It  is  well  known, 
that  when  this  axis  turns  round,  with  an  angular  velocity 
suited  to  the  length  of  those  pendulums,  the  time  of  a  revolu- 
tion is  determined.  Thus,  if  the  length  of  each  pendulum  be 
394^  inches,  the  axis  will  make  a  revolution  in  two  seconds 
very  nearly.  If  we  attempt  to  force  It  more  swiftly  round,  the 
balls  H'ill  recede  a  little  from  the  axis,  but  it  employs  as  long 
time  for  a  revolution  as  before ;  and  we  cannot  make  it  turn 
swifter,  unless  the  impellins  power  be  increased  beyond  all 
probability ;  in  which  case  me  pendulum  will  fly  ont  from  the 
centre  till  the  rods  are  horizontal,  after  which  every  increase 
of  power  will  accelerate  the  machine  very  sensibly.  Watt 
and  Boulton  have  applied  this  contrivance  with  great  inge- 
nnity  to  their  steam-engines,  when  they  are  ehiployed  for 
driving  miichinery  for  manufactures  which  have  a  very  change- 
able resistance,  and  where  a  certain  speed  cannot  be  much 
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«|i)i/ted  ffotn  without  great  iiicotiv«    *.  t;,  v  liare  con* 

■dcd  thb  rccTM  of  the  balU  frmii  ^^ve5  ini* 

■diite  indiaitlati  of  an  incrciwe  of  powei*  or  a  tUminutioa 
)  with  Uie  cock  which  achults  the  steam  to  the 
cylinder,    llie  balU,  flying  out,  cause  tiie  cock  td 
a  11  till*  .-^fxf!  diminish  the  supply  of  steam-     The  trnpel*^ 
ii^ihe^  the  next  moment,  and  the  balls  agiUQ 
UiL-   axi»,  and   the    rotation   goes  on    as   before, 
there  may  hafe  occurred  a  very  great  excetis  or 
f  pofwer. 

inelimes  employed  for  a  very  diiTerenl  purpose 
>\  regulator  of  motion — it  is  employed  as  a  col- 
^ver.     Suppose  all  resistance  removed  from  the 
nt  of  a  machine  furnished  with  a  very  large  or 
.:iimediately   conriected  witli  the   norJting  point, 
wnan   force  is  applied  to  the  impelled  point  of  this 
iu:ii^uc,  motion  will  begin  in  the  machine  and  theflv  begin 
torn.     CVjntinixe  to  press,  uniformly,  and  the  machme  will 
•celcrtt.       '1      may  be  continued  till  the  H    ^        icquired  a 
rap  n.     If  at  this  moment  a   i  -,  body  be 

ini    '-'    Ii.    \A.ikir»g  point,  it  wUl  be  acted  on  with  very 
t  hint  ;    lor  Uh'  tly  has  now  accumulated  in  ltd  circum- 
m  ver)'  great  momentum.     If  a  body  were  expoi^ed 
.^mf/.5i-  ^o  the  action  of  thia  circumference,  it  would  be 
ck.     Much  more  will  it  be  so,  if  the  body  be 
4IJ  thr     '^-  M  of  the  working  point,  which,  perhaps, 
I*  If  the  fly  makes  a  hundred.     It  will  exert 

^   more  force  there  (very  nearly)  than   at  its 
fi.  oe.     All  the  motion  which  has  been  accu- 

moUiea^  whole  progress  of  its  accuniu- 

at  the  working  point,  multiplied 

[}  •  ntiun  dependiag  on  the  proportion  of  the  partt) 

..me.     It  is  thus  that  the  coining  orcss  performs 

nay,  it  is  thus  that  the  blacksmith  lorgeH  a  bar  of 

-— -r  rr  th«  great  sledge  hammer  round  his  ijead, 

:t}»  force  the  whole  way,  this  accumulated 

r       i  lifd  by  impact  on  the  iron*     It 

,  &c.     This  accmnulating  power 

dy   huA  ori  many  to  imagine  that  a  fly  really 

poutT  f'T  a  I  Lil  force  to  an  engine  j  and,  not  under- 

XI  its  cfticacy  depends,  they  often  place  the 

. ju  where  it  only  iidds  a  useless  burden  to  the 

ine-     It  should  always  be  made  to  move  with  rapidity. 

'    !  for  a  mere  r  V  ^  t  r,  it  should  be  near  tlie  first 

1  if   it  be  i'  lo  accumxdate  force  in  the 


53 


THK  OPKRATIVK  MKCflANK 


working  point,  it  should  not  be  far  separated  from  it.  In  a 
certain  sense,  a  fly  may  be  said  to  add  power  to  a  machine^ 
because  by  accumulating  into  the  exertion  of  one  moment  the 
exertions  of  many,  we  can  sometimes  overcome  an  obatade 
that  we  never  could  have  balanced  by  the  same  machine^ 
unaided  by  the  fly.  And  it  is  this  accumulation  of  force 
whicli  g^ves  such  an  appearance  of  power  to  some  of  our 
first  movers. 


ANIMiVL  STRENGTH. 

Animal  strength  has  been  very  differently  estimated  by 
different  authors ;  but  this  is  not  to  be  wondered  at  when  we 
consider  the  many  difficulties  that  erer  must  attend  any 
attempt  to  subject  it  to  an  estimate.  Physical  causes  must 
sensibly  aiSect  the  extent  and  duration  of  animal  exertion, 
either  m  man  or  beast ;  and  the  only  way  of  coming  to  any 
thing  like  an  accurate  result,  is  to  compare  the  experiments 
of  the  diwerent  philosophers  who  have  attended  to  the  sub- 
ject. Tills  lias  been  already  done  by  Dr.  Young,  in  the 
second  volume  of  his  Philosophy y  whose  valuable  tables  we 
here  present  to  our  readers. 

Comparative  table  of  mechanical  forces. 

In  order  to  compare  the  different  estimates  of  the  force  of 
moving  powers,  it  will  be  convenient  to  take  a  unit  which 
may  be  considered  as  the  mean  effect  of  the  labour  of  an 
active  man,  working  to  tbe  greatest  possible  advantage,  and 
without  impediment.  Tliis  will  be  found,  on  a  moclerate 
estimation^  sufficient  to  raise  lOpounds,  10  feet  in  a  second, 
for  ten  hours  in  a  day  ^  or  to  raise  a  100  i)0und8,  which  is  the 
weight  of  twelve  wine  gallons  of  water,  one  foot  in  a  second, 
or  36,000  feet  in  a  day ;  or  3,600,000  pounds,  or  432,000 
gallons,  one  foot  in  a  day.  This  we  may  call  a  force  of  one 
continued  36,000" 

Immediate  force  of  mefi,  without  deduction  for  friction. 


A  man,  weighing  133  pomidR,  Fr.  ascended  62  feet,  Fr. 
by  itept,  in  34'%  but  was  completely  exhausted.— 
Aniontons   

A  sawyer  nade  200  Htrokvs  of  18  inches,  Fr.  each,  in 
Ma",  with  a  force  of  25  pounds,  Fr.  He  could  not  have 
g»ae  on  above  three  minutes. — Amontona 

A  man  can  raise  SO"  pounds,  Fr.  one  foot,  Fr.  in  1",  ft>r 
aight  hours  a  dar. — bernouiili   

A  man  of  ordinary  strength  can  turn  a  winch  witli  a 
force  of  30  ponnds,  and  with  a  velocity  of  3§  feet  in  T', 
Ibt  10  hours  a  day. — Desagulient  
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■CB  working  at  a  wiudlua  wiih  baodin  at  right 
tarn  rmiae   70   pounds  uore  easily  than  o:i«  can 

Irf— OouiguUers 

m  caa  czert  a  force  of  40  pounds  for  a  whole  day, 
t  aiihtiiii  I  of  a  fly,  when  Uie  motioo  is  pretU  quick, 
it  fi»wor  fire  feet  in  l".->-Desaguliers,  LecL  if. 
■i  tkt  annotation  it  appears  to  be  doubtful  whether 

Tb  40  pounds  orSO    

L  skott  time  a  man  msy  exert  a  foree  of  80  pouuds 
iy,  "  when  the  motion  is  pretty  quick." — Desa- 


d3 


OB  going  up  stura  ascends  14  m^res  in  1'. — Cou* 


B  guing  up  stairs  for  a  day  nuses  205  chiliognuumes 

right  of  a  chiliomctrc.— Coulomb 

a  qpade  a  man  does  ^  as  much  as  in  ascending 

-Coalomb , 

a  winch  a  man  docs  f  as  much  as  in  ascending 

-Coalomb 

B  carrying  wotid  up  stairs  raises,  toptber  with 
weighty  109  chiliogrammes  to  one  chiliometre. — 

B..  •>■•••••••*••■<•<>••••••*•«•••■••«>■«. 


ghing  150  pounds,  Fr.  can  ascend  by  stairs 
.  in  1"  for  15 "  or  20".-Coulomb 


a 
(I.Fr 

alf  an  hour,  100  pounds,  Fr.  may  be  raised  one 

.  IB  1". — Coulomb 

ding  to  Mr.  Buchanan's  comparison,  the  force 
in  taming  a  winch  being  made  equal  to  the  unit, 
e  in  pnmpii^  will  be 


nng   

ing  the  accuracy  of  Euler's  formula,  confirmed  by 
,  supposing  a  man's  action  to  be  a  maximum  when 
a  2i  miJcs  an  hour,  we  have  7i  for  his  greatest 
,  ,04.'74— r>*  for  the  force  exerted  with  any  other 
,  aad  ,0160(74 — <')^  ^or  the  action  in  each  case  ; 
len  die  velocity  is  one  mile  an  hour,  the  action  is 

two  miles 

three    

four 

rhen  five    


Fercr. 


1,22 


l]lB2 


5,22 
1,152 


,61 
1,43 


,676 
,964 
,972 
,784 
,5 


Cunti- 
niunce. 


w«rk. 


1,22 


30- 


.412 
,391 
,258 

,219 


d  the  force  in  a  state  of  rest  becomes  2i,  or  about 
lunds ;  with  a  velocity  of  two  miles,  36  pounds ;  with 
,  24 pounds;  and  with  four,  15. 

Is  obvious  that  in  the  extreme  cases  this  formula  is  in- 
mte,  but  for  moderate  velocities  it  is  probably  a  tolerable 
iximation. 

domb  makes  the  maximum  of  effect  when  a  man, 
ling  70  chiliogrammes,  carries  a  weight  of  53  up  stairs, 
[lis  appears  to  be  too  great  a  load ;  he  considers  145 
ignmmes  as  the  greatest  weight  that  can  be  rdscd. 
bsen-es  that  in  Martinique,  where  the  thermometer  is 
m  below  68**,  the  labour  of  Europeans  is  reduced  to  one 
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Harriot  aEScrls  that  his  pump,  with  a  honzonUil  inution, , 
enables  a  man  to  do  one- third  more  work  than  the  eommom 
pump  with  a  vertical  motion. 

Porters  carry  from  200  to  300  pounds  at  tlie  rate  of  thrti 
jnilcs  an  hour )  chairmen  walk  four  miles  an  hour  witii  a  load 
150  pounds  each  j  and  it  is  said  that  in  Turkev  there  are 
'porters  who^  by  stooping  forward,  carry  from  /OO  to  1M)0 
pounds  placed  very  low  on  their  backs. 

The  most  advantageous  weight  for  a  man   of  oqouik 
strength  to  carrj^  horizontally,  is  1 11  pounds ;  or  if  be 
unladen,  135,     With  wheel-barrows,    men  will  do  half 
^uch  more  work  as  >vith  hods* — ^Coulomb. 


Performance  of  men  hy  machines. 


A  luan  nt»ed  by  a  rope  ^nd  pulley  23  (>oua<is»  Pr.  220 
JlMlf  Fr.  in  1 45'\ — Amontood  .  < 

h  nuia  cun  rmise,  b}'  ft  good  common  pump,  abn^hiMKi 
of  iraler  10  feet  high  in  «  minute^  for  a  whole  <iay.— 
'DeM^licn 

By  Uie  mercunAl  niimpf  or  *nr  oUicr  good  pamp,  a  man 
BUty  niit  a  hog^luzad  18  of  20  fc^ct  ia  a  lumute,  for  oae 
ct  iwo  jmnotn 

Li  ft  pile  eoijiie,  55|  pcunda,  Pr.  were  raiacd  one  foof  ^ 
Fr*  b  r  for  fire  liours  s  lUy,  by  a  rope  drawn  borinon- 
tally. — Coulonoib , 

Robiaon  B«ya»  that  a  feeble  old  man  rai»ed  teven  cubic 
feot  of  tratetf  llf  feet  in  1',  for  dgbt  or  ten  hours  a  day* 
t»y  walking  backwardi  and  forwardif  on  a  letrer. — Enc,  /ff. 

A  vomig  man  frcighing  Kt5  puu  nils,  ami  carrying  30, 
niaedOi  cubic  ff*t,  Hi  feet  high,  for  10  lioura' a  <1ny, 
witboat  fatigue. — Robl^a    ,.,,,,♦...».«.........,,.. 

W^nner'fl  machine  enablei  a  nun  to  ralae  a  baf«hc«d  20 
ptct  la  a  zuinttlei— Y,. ,  ..••.•*»*itt««.. ..*..»*•.«..,. 

Force  of  horses. 

Two  hora<»,  attached  to  a  ptoufh  oo  owdflnlo  j|rrouud« 
mmtH  each  a  force  of  150,  P)r«— AmootoiMi.  Wc  may 
tttppd«e  that  they  wont  a  little  more  than  two  milea  an 
llOttr,  for  eight  hourn  »,♦,..,.. ,,.,»....  ^ , 

A  b<Mnie drain  \vl<'>  f*-  ■.  ii,  ,  /hi^  Hoe 
of  direction  \%  levt  I  .  ^yith 
A  force  of  200  poLUKl.,,  -2  "'.■'^-  t4u  «v*.ii,  .ut  iiuiU  Ugittrt 
Id  the  day .,.,,, f 

With  a  forrc  of  210  only  *ix  hourw.  On  a  carriag«,  in- 
4Vi  line,  A  middling 

hr  ^      ,,  , , 

i"«  '  U  myriommmot 
•«h,  ..r  . >i  have  been  mo- 
mtnUi  ^  ,, .,  itL  In  a  aecond,  the 
ir ticf n  ..*,.*. , , . 

Bj  V  A  borae  can  rtiae  *J60  bogahtaiU  of 

«M«r,  IV  icct  high,  in  an  bour.-^Sneatoa'ft  RcporU    . . 


*»^ 


ntuar*. 


US' 


JS7t 


ia< 


Ma 
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A  horse  call  in  general  draw  no  more  up  a  litccp  liill  tJiaa 
l]in  can  carry;  that  is,  from  450  to  7^0 pounds  ,  but 

a  h'>  rsc  can  draw  20tX)pounds  up  asleep  hill,  which ia 

but  aJiort.  The  worst  way  of  applying  the  force  of  a  h(»rsc,iH 
tc  make  him  carr}'^  or  draw  up  hill ;  for  if  the  hill  be  steep, 
three  men  will  do  more  than  a  horse^  each  man  clLiubtng  up 
£»£ter  with  a  burden  of  1{K>  pounds  weight,  than  a  hor«e  that 
is  loaded  ^vith  3(K}  pounds  :  a  difference  which  is  owing  to 
the  position  of  the  parts  of  the  human  body  being  better 
adapted  ttj  cliud)  than  those  of  a  horse. 

()nthe  other  hand,  the  best  way  of  applying  the  forc^  of 
a  horoe,  is  an  horizontal  direction,  wliL»reiu  a  man  ran  exert 
least  force;  thus  a  inau,  ^^cighing  110  pounds,  and  drawing 
a  boat  aloui(,  by  means  of  a  rope  coming;  over  his  shoulders, 
eannot  draw  above  27  pounds*  or  exert  above  oue-seventh 
part  of  the  force  of  a  horse  employed  to  the  same  purpose. 

The  very  best  and  most  effectual  posture  in  a  man  is  tlmt 
of  rowing ;  wherein  he  not  only  acts  with  more  muscles  at 
once  for  overcoming  tlie  resistance  than  in  any  other  position. 
but  as  he  pulls  backwards,  tlie  wel{;ht  of  his  body  assists  by 
way  of  lever. — Desaguliers. 

The  diameter  of  a  walk  for  a  horseMuill  ought  to  be  at  lea»i 
25  or  30  feet. — Desaguliers, 

Some  liorses  have  carried  650  or  7^  pounds^  seven  or 
eight  miles,  without  resting,  as  their  ordinary  work ;  and  a 
horse  at  Stourbridge  carried  eleven  hundred  weight  of  iron, 

1232  pounds,  for  eight  miles, — DeaaguUcrs^  Experimeulal 

"  (osa^ihy,  vol.  i. 


FFork  Q/umks. 


F««.  S^}-  f^>^ 


naancc^  wotk* 


CmmmI  my*,  thut «  mute  vorlu  in  Ihe  West  Indkt  tvo 
hgiMn  out  tif  iibuut  18^  with  a  (orce  of  kbout  160  pound*. 
v^DiiAf  tbrec  f<r<*t  in  a  vcHrotid. — Dr.  Youag's  Phiiatopky   4,5       2^  4(K    1,2 

These  examples  exhibit  the  great  adrantagee  which  may 
gained  by  directing  the  exertion  of  animtdd  in  a  proper 
jrse,  their  effects  bciiig  plainly  reducible  to  the  operations 
of  mechanical  ptjwcrf^.  To  describe  the  various  modetj  of 
applying  animal  atrcfigth,  as  a  first  mover  of  mechaniciU  en- 
gines, would  greatly  exceed  our  limits  ;  we  shall  therefore 
trely  st^ite,  that  the  most  common  machine  for  receiving 
force  of  animals  is  the  horse- walk,  which  artbrds  the  means 
applying  the  action  of  that  animal  to  create  rotative  motion, 
Tlie  horse-walk  i*?  formed  of  an  horizontal  lev«T  or  arm, 
aHadHMl  to  mi  upright  bpindlt*.    The  lever  should  not  be  less 


M^ 


5<5  TfIB  OPERATIVE  MBCMANir 

than  twcWe  feet,  a«  the  labour  of  the  ftninial  U  gifJiUy 
creased  by  a  small  carve,  wblch  causes  an  unequal  refii 
upon  hift  two  sbouldcrs.     The  machine  Bhould  he  go  rrgiilat^ 
that  the  horse  may  not  be  required  to  deviate  from  his  uai 
pace  of  two  miles  and  a  half,  with  a  b\irthen,  an  hour,     ^ 
|^v«8, 10  which  the  horse  works,  should  not  be  iniuovabl 
fixed  to  the  arms,  but  hung  by  a  6%vivel  joint,  so  that_ ' 
mny  place  himself  in  the  most  comfortable  poettioo. 
work  should  be  supplied  to  the  machinery  aa  regularly 
possible. 

Having,  in  the  precedmg  acccmut,  stated  the  mean  «si 
of  human   exertion  vrhen    applied  to  regular  and   onifc 
labour,  we  shall  ill  Uie  next  place  proceed  to  itotice  %Qt 
extraordinary  feats  of  strength,  as  well  an  some  thfit  hi 
appearance  of  being  such,  but  which  were,  in  reality, 
mere  effects  of  contrivance  and  skill*  and  which  might 
been   performed   by  almost  any   men  who   were  posj 
of  that  knowledge  of  their  construction  as  would  enable  lliei 
similarly  to  exert  their  strength  to  the  be^t  advantage. 

M.  de  la  Hire,  in  an  Ksaminnlwn  of  the  Farce  nf  M^ 
(\ade  Memoirs  of  the  Academy  of  Sciences  for  WX^  ■ 
•*  There  are  men  whose  spirits  6ow  so  abundantly  i; 
muscles,  that  they  exert  three  or  four  times  more  &1 
than  others  do ;  and  thi»  seems  to  be  the  nalmul 
the  surprising  strength  that  we  see  in  some  men  who 
and  raise  weights  which  two  or  three  ordinary  men' 
hardly  sustain,  though  these  men  be  sometimes  but  of 
modenite  i^talure,  and  nither  appear  weak  than  i^troi 
There  was  a  man  in  thii*  country  a  little  wl»ilc  ago, 
would  carry  a  very  large  anvil,  and  of  whom  was  re| 
flevcral  wonderful  feats  of  strength.  But  1  saw  anot 
Venice,  who  was  but  a  lad,  and  did  not  s 
above  forty  or  fifty  pounds,  with  all  posnihl 
this  young  fellow,  standing  upon  a  trihle,  rained  froi 
earth,  and  subtained  off  the  ground,  an  ass,  by  meant 
broad  girth,  which,  go:iig  under  the  creature's  belly,  wa*  hm 
upon  two  hooks  that  were  fastened  to  a  plat  of  small  coi 
coming  down  in  tresses  from  the  hair  on  each  sicle  of 
lad's  head,  which  were  in  no  great  quantity.  And 
great  force  drpnnhd  ouit/  npnn  the  mu.icUs  of  the  »hat 
and  thosn  of  the  loins:  for  he  stooped  ^ 
hookF.  were  fastened  to  the  girth,  und  then  i 
iified  up  the  aiss  from  ih 
upon  his  knees.     He  rHiL^.  i  . 

fPVight^  that  seemed  hearicr,  and  u!»ed  to  say  he  did  wil 


la  nis  Knees  ociiCy  so  as  lo  oring  uie  iwo  corcu  wiin 
lifted  to  be  in  the  same  plane  with  his  ancles  and 

of  his  thigh-bones  5  by  which  means  the  line  of 
(yf  the  man  and  the  whole  weight  came  between  the 
part  of  his  two  feet,  which  are  the  supports :  then 
ended  his  legs  he  raised  himself^  without  changing 
'  direction.  That  this  must  have  been  the  manner 
y  well  assured  of^  by  not  only  observing  those  that 
uch  feats,  but  having  often  tried  it  myself.  As  for 
.es  of  the  loms,  they  are  incapable  of  tliat  strain, 
re  six  times  weaker  than  the  extensors  of  the  legs ; 
found  them  so  in  myself. 

:  the  year  1716,  having  the  honour  of  showing  a 
y  experiments  to  his  late  majesty  King  George  I., 
ty  was  desirous  to  know  whether  there  were  any 

those  feats  of  strength  that  had  been  ehown  half 
lore  by  a  man,  who  seemed  by  his  make  to  be  no 
than  other  men :  upon  this  I  had  a  frame  of  wood 
itaud  in,  (and  to  rest  my  hands  upon,)  and  with  a 
1  chain  lifted  an  iron  cylinder,  made  use  of  to  roll 
Q,  sustaining  it  easily  when  once  it  was  up.    Some 

and  gentlemen  who  were  present  tried  the  ex- 
afterwards,  and  lifted  the  roller;  some  with  more 
some  with  more  difficulty,  than  I  had  done,  lliis 
igfaed  1,900  pounds,  as  the  gardener  told  us. 
la  I  tried  to  lift  300  pounds  witii  my  hands,  (viz., 

with  150  pounds  of  quicksilver  in  each,)  which 
leed  raise  mm  the  ground,  but  strained  my  back 
lieel  it  three  or  four  days ;  which  shows  that,  in  the 
rBon.  the  muscles  of  the  loins  (which  exerted  their 
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"  Tbomaa  Fiiphani,  born  in  L(jiid<m,  and  uow  alioai 
one  yeurs  of  age,  five  feet  ten  inches  High,  with  muicle«  wi 
hard  and  prominent,  wiia  brought  up  a  carp^*'*"-  ^-'^i*  h 
he  pr^ietiscd  till  within  the»e  mix  or  sevei^  .it 

ahowed  ft'ats  of  sstrengfth;  but  he  b  entireiy  ignoraiu  iif 
-^ttt  to  make  his  strength  more  KurpriKincf,     Nny*  pometim^* 
lie  docs  tilings  which  become  luu;  i  i 

tageous  situation ;  attempting,  an •!  ^       

vther  strong*  men  have  done,  wltliout  making  u»e  oi  tite  nmr 
adi^antages. 

**  About  ax  yearti  ago  he  pulled  against  a  hor^ . 
the  ground  with  hiti  nret  against  two  stumps  • ' 
ground,  but  without  the  advantages  which  m. 
attained  by  placing  himself  in  a  proper  sit'  ^ 
huivever,  waa  not  af)le  to  move  him,  and  i 
in  the  right  posture  for  drawing  against  ;i 
in  the  same  posture,  he  attempted  to  draw  .      . 
he  was  puJUed  out  of  his  place  by  being  lifted  up, 
one  of  his  knees'  struck  tigainst  the  stumpa,  wlilch  h\ 
it  so,  tliat,  even  to  this  day,  the  pateUa,  or  knee-pan,  it 
loose,  that  the  ligaments  of  it  seem  either  to  br  *—  '-  r 
tjuite  relaxed,  which  has  taken  away  most  of  the  ^l 
that  leg." 

Dr,  Desaguliers  then  relates  the  exploits  which  be  saw 
perform. 

'M .  fiy  the  Btrength  of  his  fingers,  (only  nibbed  in 
ashes  to  prevent  them  from  slipping,)  he  rolled  up  a 
atroQg  and  large  pewter  dlah, 

<*  2.  He  broke  seven  or  eight  short  and  Btmng  pleeei 
lobacoo-pipe  with  the  force  of  his  middle  finger,  having 
them  on  the  first  and  third  finger. 

**  3.  Havi  ist  in  under  hiftgarh     r     "       ^    ' 

tobacco-pipr  _, -being  bent, he biv 

tendons  of  his  htttns,  without  altering  the  b< 

•*  4.  He  broke   such   aiiother  bowl  bet  w 
second  finger,  by  prc»i$big  hia  fingers  together 

"  5.  He  lifted  a  table  six  feet  long,  which  had  ]*.tii 
wciglit  hanging  at  the  end  of  it,  with  his  teeth,  and 
an  hori/ontal  position  for  a  contsiderable  time.     It 
the  feet  of  the  table  rested  agaiTiiit  hig  knees;   but,  u^ 
Ifri'    ■  was  raur^  t  than  il»  hcighl 

pcii       1  d  a  greii,  h  to  be  exertcii 

'iMttsclc^s  of  his  loiius,  tbo^e  of  f  fi 

fwrci/^  (mu&cle^  of  the  jai?8,)  L:^.„^^  .,  ^^„„  .^.  ^i  u^Lli^ 


ih  i\ 
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**  6«  He  took  an  iron  kitchen  poker,  about »  yard  lon^,  and 

iree  inclies  in  circumfereDce,  and,  holding  it  in  his  right 

iid»  he  struck  upon  his  bare  left  arm,  between  the  elbow 

id  the  wrist,  till  be  bent  the  poker  nearly  to  a  right  angle. 

^  7*  He  took  such  another  poker,  and  holding  the  ends  of  it 

his  hanils,  and  the  middle  against  the  back  of  his  neck,  be 

"it  both  ends  of  it  together  before  him ;  and,  what  was 

difficult,  he  pulled  it  almost  straight  again :  because 

*iea  which  separate  the  arms  horizontally  from  each 

are  not  so  strong  as  those  that  bring  th^ni  togetber. 

**  8.  He  broke  a  rope  of  about  two  inches  in  circumference, 

rhich  was  in  part  wound  about  a  cylinder  of  four  inches 

leter,  having  fustened  the  other  end  of  it  to  straps  that 

over  his  shoulders.     But  he  exerted  more  force  to  do 

itlmn  any  other  of  his  feats,  from  his  awkwardness  in 

about  it;  fur  the  rope  yielded  and  stretched  as  he  stood 

[pon  the  cylinder,  so  that  when  the  extensors  of  the  legs  and 

had  done  their  office  in  bringing  his  legs  and  thighs 

rht,  he  was  forced  to  raise  his  heels  from  their  bearings, 

flise  other  muscles  that  are  weaker.     But  if  the  rope  had 

so  fixed  that  the  rope  to  be  broken  had  been  short,  it 

\d  have  been  broken  with  four  times  less  difficulty. 

**  9,  1  have  seen  him  lift  a  rolling  stone    of  about  800 

ids  with  his  hands  only,  standing  in  a  frame  above  it, 

taking  hold  of  a  chain  that  was  fastened  to  it.     By  this, 

reckon,  he  may  be  almost  as  strong  agaui  as  those  who 

generally  reckoned  the  strongest  men,  they  general ly 

no  more  than  400   pounds  in  that  manner.    The 

reakest  men  who  are  in  health,  and  not  too  fat,  lift  about 

126  Dounds,  ha\ing  about  half  the  Btrength  of  the  strongest, 

**  N.  B.  This  sort  of  comparison  is  chiefly  in  relation  to  the 

des  of  the  loins;  because  in  doing  tms,  one  must  stoop 

Is  a  little.     We  must  also  add  the  weight  of  the  body 

weight  lifted.    So  that  if  the  weakest  man's  body 

^hs  150  pounds,  that,  added  to  12o  pounds,  makes  the 

weight  lifted  by  him  to  be  275  pounds.    Then,  if  the 

man's  body  weighs  also  150  pounds,  the  whole 

lifted  by  him  will  be  about  550  pounds,  tlmt  is  400 

lunds  and  tlie  150  pounds  which  liis  body  weighs.    I^^'P" 

wdgbs  about  200  pounds,  which,  added  to  tlie  800 

that  he  lifts,  makes  1000  pounds.     But  be  ought  to 

pounds  besides  the  weight  of  his  body,  to  be  sis 

again  as  a  man  of  150  [x)urids  weight  vrho  can   lift 

ids. 

thirty  years  tigo,  one  «/oy€f ,  a  Kentish  man,  fbuout 
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for  his  greni  t^treiigth,  t^howcd  several  t'cateiti  IjandoaoDiii 
country,  u  hieh  bo  much  surprised  the  spectJitor^,  that  he 
hy  tnost  people  called  the  second  Sampsoft,  rt«ir  *hi 
the  postures  which  he  h&d  learnt  to  put  hig  hi 
found  out  by  practice,  without  nny  mechanirrJ  r 
siuL-h  a!j  would  make  a  man  of  common  sJtrcnL;:li  il>  ^ucli  (^ 
;*car  surprising  to  every  one  whc»  did  not  ki 
. -^c  of  those  po^tious  of  the  body,  vet  not 
then  aUeuipted  to  draw  against  horses,  or  rn 
or  tu  do  any  thing  in  iuiltatioii  of  him:  be  .ls 

very  tjtrong  in  the  arms^  and  grasped  those  th:it 
strength  tnat  way  so  bard  that  they  were  obliged  ioimi 
to  desire  hira  to  desist,  his  other  feats  (wliereia  his 
acting  wBs  chiefly  owing  to  the  mechanical  advantage 
by  the  position  of  his  body,)  were  entirely  attributed 
extraordinary  strength. 

**  But  wlien  he  hud  been  gone  out  of  England,  or  had  reajii 
to  show  his  performnnces,  for  eight  or  ten  yr 
ordinary  strengUi  luul  found  out  the  Avay  of  i 
advantage  of  the  sanie  postures  as  Jojivc  had  put  himscIC^ 
as  to  pass  for  men  of  more  than  common  strengil* 
ittg  against  horses,  breaking  ropes,  lifting  vast 
though  they  could  in  none  of  the  postures  really  innui 
much  as  Jot/ce^  yet  they  did  enough  to  ainazc  and  ai 
and  get  a  deal  of  money,  so  that  every  two  or  three  yeari' 
had  a  new  secmid  Sampson. 
»:jif*  About  fifteen  years  ago  a  German  of  mi 

linary  strength,  showed  himself  at  the  JJ 
Haymarket,  and,  by  the  contrivances  above-mentioned,] 
for  a  man  of  uncommon  strength,  and  gained  considendihf: 
of  tnoney  by  the  daily  concourse  of  spectators.     After 
Been  him  once,  1  guessed  at  his  manner  of  impo^' 
multitude ;    and  being  resolved   to  be  fully   sat 
T,  1  took  four  very  curious  persouji  with  v 
I,  viz.,  the  Lord  Marquis  of  Tullibardint  l^ 
Smart,  Dv   Pringle,  and  a  mechanical  workmim  who  u»4 
assist  me  in  my  courses  of  experiments.     We  placed 
selves  ill  such  manner  round  the  operator,  as  to  be 
observe  nicely  tUl  that  he  did;  and  found  it  so  pracUi 
Umt  we  performed  several  of  his  feats  that  evening  by  ooi 
pelves,  and  afterwards  1  did  the  most  of  thi        i      -.  I  ' 
fnime  to  Slit   in  to  dniw,  and  another  U^  ai 

rlher  wit! 

and  ever  since,  at  my  cxpcrimeDtal  lectures,  i  expbdn 
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ti  performances,  and  take-  any  person  of  ordinary 
r  b'i8  a  mind  to  try,  who  can  easily  do  all  that  the 
man  above-mentioned  used  to  do,  without  any  danger  or 
ntUtkordinary  straining,  by  making  use  of  my  apparatus  for 
purpose. 
**  In  order  to  explain  how  great  feats  may  be  performed  by 
men  of  no  extraordinary  strength,  I  have  in  fig,  79,  drawii 
Ihe  lower  part  of  a  skeleton^  containing  so  many  of  the  bones 
jpf  the  human  body  as  are  concerned  in  tliese  operations, 
g  the  figure  pretty  large,  to  show  the  better  how  the 
l^rdle  m  to  be  applied. 

I  '*  The  bones  marked  I  S  A  P  H  I,*  which  compose  the  cavity 
'called  the  peivis»  contain  a  bony  circle  or  double  arch  of  such 
strength,  that  it  would  require  an  immense  force  to  break 
them  by  ati  external  pressure  directed  towards  the  centre  of 
the  circle,  or  the  middle  of  the  pelvis.  It  h  also  to  be 
observed,  that  those  parts  of  this  bony  circumference,  which 
Tcccive  the  heads  olf  the  thigh-bone  above,  at,  and  below  A, 
called  the  ischium  or  coxcndbc,  are  the  strongest  of  all,  Mi 
jtbat  a  very  great  force  may  push  the  heads  of  the  thigh-bones 
upwards,  or,  \vhic?i  is  the  same  thing,  the  upper  parts  of  the 
;COXcndix  downwards,  or  towards  each  otlier  in  a  lateral 
idirectiofi  from  A  to  A^  without  doing  any  hurt  to  the  human 
body. 

^  <*  Now  if  the  girdle  aliove  described  be  put  round  the  body 
fax  the  manner  represented  in  the  figure,  and  be  drawn  down- 
^rda  at  G,  by  a  great  weight  W,  it  will  press  on  the  us 
.^Acnini  behind,  and  the  ilium;  then  it  will,  by  its  pressure  on 
TT,  the  great  trochanters  of  the  thigh-bones,  draw  the  round 
Jieads  the  faster  into  their  sockets,  so  as  to  make  them  less^ 
4lable  to  slip  out  and  strain  the  ligament  by  a  push  directed 
;aipwards.  So  that  the  semicircular  part  of  the  girdle,  T  C  S  d\ 
|>resse»  together  the  bony  arch  denoted  by  the  same  letters, 
;fvhich,  according  to  the  nature  of  arches,  is  the  stnjtiger  for 
pressure.  The  abutments  of  the  arch  cannot  conic 
r  together  by  reason  of  the  resistance  of  the  strong 
's  A  V  A,  neither  can  they  fly  outwards,  because  the 
le  keeps  them  together.  Then  tlie  thighs  and  legs  T  D  H 
two  Mtrung  columns,  capable  of  sustaining  4000  or  5000 

*  Tbe»e  hoac.i  are  (bus  dislinguisliecl  by  anatomistjc  S,  the  os  sacfum; 

I,  the  ilmm;  A  A,  thr  oi  ischium;  whose  stiongest  part  has  on  each  side 

hcrical   concave,  in  which  the  round  head  of  the  Uiigh-b<iiie  »» 

4 (id  ttiDix  r\>un<t,  being  held  by  a  strong  ligament  in  itJi  middle  ; 

>aru  of  ihc  bone  thai  join  together  before,  betwixt  A  A  and  abovf  l\ 

llif  ot>  piibi!S  or  0!»:«u  j^iubis. 
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pounds  at  least,  provided  they  stand  quite  upright.  Thtf  ^ 
musdeiB  here  are  put  to  no  stnun,  being  no  farther  concefaei  '•■a 
than  to  balance  each  other;  that  is,  the  antagonist  m 
extensors,  and  flexors,  only  keep  the  bones  in  their 
which  makes  them  resist  like  one  entire  bone  formed  into 
arch.  :3 

*^  This  shows  how  easily  the  man,  fig.  80,  may  Buntain  ■  > 
cannon  of  2000  or  3000  pounds  weight.    The  same  solutiitf  ii 
will  also  serve  for  the  resistance  of  the  man,  fig.  81,  wboitt  !i 
five  men,  nay  ten  men,  or  two  horses,  cannot  pull  out  of  fali   z 
situation  when  he  sits  so  as  to  have  his  legs  and  thighs  ill   ^ 
the  horizontal  line  P  F,  or  in  a  line  inclining  downwards    : 
towards  A,  for  then,  though  there  ia  a  difference  in  the  nttidg 
posture  from  the  standing  posture  before  described,  yet  1^   : 
reason  of  the  mobility  of  the  heads  of  the  thigh-bones  in  tfaii 
acetabula  or  cavities  of  the  coxendix,  the  arch  is  the  samA    . 
and  as  strong  as  before,  its  abutments  being  equally  sup* 
ported  by  the  legs  and  thighs.     It  is  only  the  bending  of  the    : 
back-bone  above  the  girdle  to  bring  up  the  body  which  makei 
the  difference  of  position  in  the  man,  though  not  sensibly  id 
the  resistinff  parts. 

"  In  breu&ing  a  rope  the  muscles  must  act  in  ezten^g  the 
legs;  and  tiiat  we  may  the  better  explain  that  action,  we  mm 
consider  u  man  breaking  the  rope,  as  represented  in  fig.  83L 
Suppose  a  rope  fastened  to  a  post  at  P,  or  any  other  fixed 
point,  is  brought  through  an  iron  eye  L,  to  the  hock  of  the 
girdle  H,  of  the  man  11 1,  and  so  fixed  to  it  by  a  kx^,  or 
otherwise,  as  to  be  quite  tight,  whilst  the  man's  knees  are  so 
bended  as  to  want  about  an  inch  of  having  his  legs  and 
thighs  quite  upright.  Then  if  the  man  on  a  sudden  stretches 
his  legs  and  sets  himself  upright,  he  will  with  ease  break  Uie 
very  same  rope  which  held  two  horses  exerting  their  whole 
strength  when  they  drew  against  him;  such  as  a  cart  ropei 
or  u  rope  of  near  three  qiuirters  of  an  inch  diameter,  which 
may  bo  broken  by  a  man  of  middling  strength,  by  the  actkm 
of  the  ten  muscles  *  that  extend  the  legs,  five  Monging  to 
each  leg. 


•  The  four  nui»clo»  thai  ixtciul  each  Ic-  art  described  hv 

thus : — I .  The  n'clus,  arising  from  the  anterior  inferior  spine  of  the  os  iliimiy 
and  iiiserttxi.  thronj^h  tlic  nuJiuinof  the  patella,  into  the  anterior  tuberosity 
of  the  tihia.  •».  T\w  i-niruliK.  situatr<l  Wnrath  the  former,  and  ari&ing  froin 
the  fn">»i!  .luvfaoo  of  x\\v  os  fcnutrif  for  a  considerable  extent,  and  inserted 
inio  ihr  iipjvr  oilcc  orihr  p.\te)!.i,  .\\\.\  »No.  ihrouch  llie  medium  of  that  bone, 
into  thr  .mli-Uxir  :iibrrv''i.ty  of  the  libia.  3.  The  vastus  cxtemus,  arising  fiom 
the  ro't  of  the  tioeh.u^tiM-  ni.'jor.  and  outer  siiK«  of  the  os  ferooris.  and  m- 
sert.'d  imo  the  outer  i-d^.*  of  the  jv.lell.i.  and  .aj:.iiii.  through  it«  medium,  into 
the  »«ii".iv»:  tuhiMos.t)  of  ilu"  \M.\.    A.  T.ie  va*UK  uiter:i us,  which  arises  from 
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t)rcaking  the  rope  ono  thing  is  to  be  observed,  which 
much  fai-iHtate  the  performance;  and  that  is,  to  phice  the 
n  eye  L,  through  which  the  rope  goes,  in  such  a  situation^ 
at  a  plane  going  through  its  ring  uhall  be  parallel,  or  nearly 
rallel  to  the  two  parts  of  the  rope ;  because  then  the  rope 
U  in  a  manner  be  jammed  in  it,  and  not  slipping  through 
the  whole  force  of  the  man's  action  will  be  exerted  on 
at  part  of  the  rope  which  la  in  the  eye,  which  will  make  it 
TL-ak  more  easily  than  if  more  parts  of  the  rope  were  acted 
tpon.  So  that  thft  eye,  though  made  round  and  smooth,  may 
!  said  in  some  measure  to  cut  the  rope.  And  it  is  after  thi* 
anner  that  one  may  break  a  whip-cord,  nay,  a  small  jack- 
iiic,  with  one's  hand,  without  hurting  itj  only  by  bringing 
me  part  of  the  rope  to  cut  the  other ;  that  is,  placing  it  so 
kiund  one's  left  hand,  that,  by  a  sudden  jerk,  the  whole  force 
tcrled  shall  act  upon  one  point  of  the  rope.  See  fig.  83, 
here  the  cord  to  be  broken  at  the  point  L  in  the  left  hand, 
marked  according  to  its  course,  by  the  letters  R  T  S  L  M 
()  P  Q,  folding  once  about  the  right  hand,  then  going  under 
e  tliumb  into  the  middle  of  the  left  hand  5  where  crossmg 
nder  anrjlher  part,  it  is  brought  back  under  the  thumb  again 
M,  tlien  roijiid  the  back  of  the  hand  to  N,  so  through  tlic 
p  at  L  to  O,  and  three  times  round  the  little  finger  at  P 
d  Q;  %vhich  last  is  only  that  the  loop  NO  may  not  give 
ay.  Before  the  hands  are  jerked  from  one  another,  the  left 
vnd  must  be  shut,  but  the  thumb  must  be  held  loose,  lest 
reusing  against  the  fore  finger  it  should  hinder  the  part  TL 
f  the  rope  from  carrj'ing  the  force  fully  to  tlie  point  L;  but 
le  little  finger  and  that  next  to  it  must  be  held  hard,  to 
eep  the  loop  N  O  firm  in  its  place. 
**  There  arc  levend  cases,  wherein  it  would  be  of  singular 
e  to  upply  the  force  of  one  or  more  men,  by  means  of  the 
irdlc  or  hook  and  chain,  in  the  manner  above-mentioned ; 
for  example,  when  the  resistance  is  verj^  great,  but  the 
odies  that  reuist  are  to  be  removed  but  a  little  way :  if  we 
very  heut^y  goods  a  small  height,  to  remove  any  thing  from 
them;  if  we  would  draw  a  bolt  or  staple,  and  find  we 
do  it  even  with  an  irou  crow,  the  hand  pulling  it 
wnnb  at  the  end ;  then  the  hook  of  the  girdle  being  applied 
t  the  end  of  the  crow,  the  force  exerted  by  stretching  the 
egs  would  be  tenfold  of  what  the  hands  were  able  to  do, 
R'ithout  more  help  at  the  same  place. 
•*  There  may  also  be  many  occasions  on  board  a  ship.  1  will 

»e  root  iif  \\ui  trocijauler  minor,  and  inner  surface  of  ihe  os  femoris,  and 
in«*rtcd  into  the  inuei  vdgt*  of  tli^  pniellni,  and  likewise,  throui^h  ils  :acdtum, 
itQ  Uie  Jintenor  luberosity  of  the  libift  with  ihe  former  luuscttt. 
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instance  but  one.  Let  F  G,  fig.  S^iy  be  the  tackle  for  raisioc 
or  lowering  the  nudn-top-mast,  part  of  which  Ls  reyresented 
by  7n  \,  m2;  the  block  G  is  fixed  below^  and  as  the  block  F  \ 
comes  do\irn,  it  pulls  along  with  it  the  tup  rope  F  B  C,  m  1  ^ 
running  over  the  block  B,  fixed  at  A,  and  round  the  block  C  , 
in  the  heel  of  the  top- mast,  so  as  to  draw  up  the  lower  end  \ 
m  1  of  the  said  main-top-mast,  which,  when  hoisted  up  to  its .  | 
due  height,  is  made  fast  by  the  iron  pin  or  fid  I^  which  it 
thrust  through  it,  and  then  its  own  weight  and  the 'hole  D  of 
the  cap  Will  keep  it  in  its  place.  We  wil^  suppose  tliat  the 
force  required  thus  to  raise  the  mast  must  be  that  of  six  men 
pulling  upon  deck  at  the  fall  of  the  tackle,  that  b,  at  the 
running  rope  F  G  K  at  K  o^  the  other  side  of  the  main-mast 
L  /.  Now  in  order  to  let  down  this  mast  on  the  sudden,  as 
in  case  of  hard  weather,  it  is  necessary  the  tackle  and  power 
must  be  made  use  of,  though  it  be  but  to  lift  it  a  very  little 
way,  that  a  man  may  be  able  to  get  out  the  fid  I,  before  the 
said  mast  can  be  let  down  and  slip  to  N  on  the  side  of  the 
main-mast.  I  say,  that  if  the  hands  are  so  employed  other- 
wise, that  instead  of  six  men  there  be  only  one  man  at  the 
rope  K;  if  he  has  a  strong  girdle  to  which  he  fastens  it,  or 
makes  a  bow  in  the  rope  itself,  to  fix  it  round  the  lower  part 
of  his  back,  &c.,  he  may  exert  much  more  force  in  the  direc- 
tion G  K  than  the  six  men  in  the  common  way  of  pulling; 
and  if  he  draws  to  him,  sitting  on  the  ground,  and  pushi^ 
his  feet  against  the  first  firm  obstacle  that  he  finds,  as  against 
O  P,  only  two  inches  of  the  rope  G  K,  he  will  ruse  up  the 
mun-top-mast  the  third  part  of  an  inch,  which  will  be  suffi- 
cient for  the  iron  fid  I  to  be  drawn  out."  Desaguliers' 
Philosophyy  vol.  i. 

WATER-MILLS. 

Wathr-mill  is  the  name  by  which  all  mills  are  designated 
that  receive  their  motion  from  the  impulse  of  the  water. 
As  each  of  these  mills  will  rome  under  their  respective  heads, 
we  shall,  in  the  present  article,  confine  ourselves  to  a  minute 
description  of  the  different  kinds  of  water-wheels,  by  whose 
axis  the  force  \nth  which  Ihcy  have  been  impressed  may  be 
transmitted  to  move  any  species  of  machinery,  however  simple 
or  complex. 

But,  notwithstanding  the  extensive  signification  of  the 
term  water-mill  when  applied  to  the  different  branches  of 
manufacture  carried  on  therein,  we  have  another,  and  stiU 
more  simple  division,  arising  from  the  peculiar  construction 
of  the  walcr-whcel,  termed  the  undershot-mill,  the  overshot- 
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in,  and  the  breast-mill,    Tlierc  i8  also  another  called  the  mill 
'ith  horizontiil  wheels;  but  as  this  is  very  disadvantageous 
point  of  practical  utility,  we  shall  forbear  to  describe  it. 
le  under sliot-w heel  is  used  only  in  streams,  and  is  acted 
ipon  by  the  water  striking  the   float- boards  at  the  lower 
rurafercnce  of  the  wheel.     In  the  over shof -wheel  the  water 
poured  over  the  top  of  the  wheel,  and  is  received  in  buckets 
[jfomied  all  round  the  wheel  for  that  purpose.     And  in  the 
'CrtsUivheel  the  water  fidla  down  upon  the  wheel  at  right 
tiglcs   to   the   float-boards,   or   buckets   placed    round  the 
rumference  of  the  wheel  to  receive  it, 

UNDKRS  H  OT-WH  KELS , 

Mtt,  John  Smeaton  has  made  numerous  experiments  upon 
e  different  kinds  of  water-wheels,  the  results  of  which  were 
id  before  the  Royal  Society.  The  time  that  has  elapsed 
lince  the  period  wlieu  they  were  first  given  to  the  world,  has 
ecu  sufficient  to  prove  their  fallacy,  if  any  bad  existed ;  and 
the  hiijh  estimation  in  which  they  still  continue  to  be  held  by 
uthcniutieians  and  mechanics,  is  certain  evidence  of  their 
kValue  and  importance. 

Mr.  Smeaton  prefaces  a  minute  descriptiDn  of  the  machines 
ul  nuidels  used  by  him  for  his  experiments,  with  an  observ- 
ioTi,  that  what  he  has  to  communicate  on  the  subject  was 
riginaJly  deduced  from  experiments,  which  he  looks  upon 
the  bc^t  means  of  obtaining  the  outlines  in  mechaniciil 
cpiiry.  **  ISut  in  such  cases,"  says  he,  **  it  is  very  necessary 
t4i  diatinguiwh  the  circumstances  in  which  a  model  differs 
from  a  machine  in  large  j  otherwise  a  model  is  more  apt  to 
lead  us  from  the  truth  than  towards  it:  and,  hideed,  though 
the  utmost  circumspection  be  used  in  this  way,  tlie  best 
tnicturc  of  machines  cannot  be  fully  ascertained  but  by 
laking  trials  with  them,  when  made  of  their  proper  size. 
,t  was  for  this  reason,  though  the  models  and  experiments 
ferred  to  were  made  in  the  years  1752  and  1 7^3,  that  1 
*ve  deferred  offering  them  to  the  Society  until  I  had  an 
ppurtunity  oi putting  the  deductions  made  therefrom  in  real 
wactt^Cy  in  a  variety  of  cases,  and  for  viu*ious  purposes,  so  as 
i^  he  able  to  aflnui^  the  Society  that  /  have  fmmd  them  to 


Mr.  Smeaton  then  remarks,  that  the  word  power ^  as  used  in 
iractical  mechanics,  signifies  the  exertion  of  strength,  gru- 
ritation,  impulse,  or  pressure,  so  as  to  produce  motion :  and 
y  meauH  of  strength,  gravitation,  impulse,  or  pressure,  com- 

unded  willi  motion,  to  be  capable  of  producing  an  ctTect, 

y 
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and  that  no  effect  is  properly  mechanical,  bat  what  reqiURfl 
such  a  kind  of  power  to  produce  it. 

Haying  described  the  models  and  machines  used  for  making 
his  experiments^  he  obsenres  that  with  regard  to  pow^r,  it  is 
most  properly  measured  by  the  raising  of  a  weight,  the 
relatiye  height  to  which  it  can  be  raised  in  a  giyen  time 
being  the  actual  extent ;  or,  in  other  words,  if  the  weight 
raised  be  multiplied  by  the  height  to  which  it  can  be  raiwd 
in  a  giyen  time,  the  product  is  the  measure  of  the  power 
raising  it;  and,  consequently,  all  those  powers  are  equal, 
whose  products,  made  by  such  multiplication,  are  the  same: 
for  if  a  power  can  raise  twice  the  weight  to  the  same  height, 
or  the  same  weight  to  twice  the  height,  in  the  same  tune 
that  another  power  can,  the  first  power  is  double  the  second; 
but  if  the  power  can  only  raise  half  the  weight  to  double  the 
height,  or  double  the  weight  to  half  the  height,  in  the  same 
time  that  another  can,  those  two  powers  are  equal.  This, 
however,  must  be  understood  to  be  only  in  cases  of  slow  and 
equable  motion,  where  there  is  no  acceleration  or  retardation. 

In  comparing  the  effects  produced  by  water-wheels  with 
the  powers  producing  them,  or,  in  other  words,  to  know 
what  part  of  the  original  power  is  necessarily  lost  in  the 
application,  we  must  previously  know  how  much  of  the  power 
is  spent  in  overcoming  the  friction  of  the  machinery  and  the 
resistance  of  the  air;  also,  what  is  the  real  velocity  of  the 
water  at  the  instant  that  it  strikes  the  wheel,  and  the  real 
quantity  of  water  expended  in  a  given  time. 

From  the  velocity  of  the  water  at  the  instant  that  it  strikes 
the  wheel,  the  height  of  head  productive  of  such  velocity 
can  be  deduced,  from  acknowledged  and  experimented  prin- 
ciples of  hydrostatics:  so  that ^ by  multiplying  the  quantity 
or  weight  of  water  really  expended  in  a  given  time,  by  the 
height  of  a  head  so  obtained,  which  must  be  considers  as 
the  height  from  which  that  weight  of  water  had  descended 
in  such  given  time,  we  shall  have  a  product  equal  to  the 
original  power  of  the  water,  and  clear  of  all  ancertaiuty  thiA 
would  anse  from  the  friction  of  the  water,  in  passing  small 
apertures,  and  from  all  doubts  arising  fh>m  the  different 
measure  of  spouting  waters,  assigned  by  different  writers. 

On  the  other  hand,  if  the  sum  of  the  weights  nused  by  the 
action  of  this  vrater,  and  of  the  weiffht  required  to  ovorcome 
the  friction  and  resistance  of  the  machine,  be  multiplied  by  the 
height  to  which  the  weight  can  be  raised  in  the  time  giyen, 
the  product  will  be  equal  to  the  effect  of  that  power;  and 
the  proportion  of  the  two  products  will  be  in  proportion  of 
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the  power  ta  the  effect :  so  tiiat  by  loading  the  wheel  with 
different  weights  Buccessively,  wc  shall  be  able  to  determine 
at  what  particular  load,  and  velocity  of  the  wheel,  the  effect 
IB  a  mojcimnni. 

The  experiments  made  hy  Mr.  Smeaton  may  thus  be 
reduced.  The  circumference  of  the  wheel,  'Jb  inches,  mul»- 
tipUed  by  86  turns,  gives  6450  inches  for  the  velocity  of  the 
Walter  in  a  oiinute;  -^rs  of  which  will  be  the  velocity  in  a 
second^  equal  to  107.5  inches,  or  8.96  feet,  which  is  due  to  a 
bead  of  J 5  inches;  and  this  we  call  the  virtual  or  ^'ective 
head.  The  area  of  the  head  being  105.8  inches,  this  mul- 
tiplied by  the  weight  of  water  of  the  cubic  inch,  equal  to 
the  decimal  579  of  the  ounce  avoirdupois,  gives  61 .26  ounces 
for  the  weight  of  as  much  water  as  is  contained  in  the  head, 
upon  one  inch  in  depth,  V^  of  which  is  3,83  pounds  j  this 
multiplied  by  the  depth  21  inches,  gives  80.43  pounds  for 
the  value  of  12  strokes;  and  by  proportion,  39^  (the  number 
made  in  a  minute)  will  give  264.7  pounds,  the  weight  of  water 
expended  in  a  minute. 

Now  as  264.7  pounds  of  water  may  be  considered  as  having 
descended  through  a  space  of  )5  inches  in  a  minute,  the 
product  of  these  two  numbers  3970  will  express  ihe  power 
of  the  water  to  produce  mechanical  effects;  which  were  as 
follows : 

The  velocity  of  the  wheel  at  the  maximum,  as  appears 
above,  was  30  turns  a  minute ;  which  multiplied  by  nine 
inches,  the  circumference  of  the  cylinder,  makes  270  inches ; 
but  aa  the  scale  was  hang  by  a  pulley  and  double  line,  the 
weight  was  only  raised  half  of  this,  viz.  135  inches. 


The  weight  in  the  scale  at  the  maximum 
The  weight  of  the  scale  and  pulley  .  • . . 
The  counterweight,  scale,  and  pulley    . . 


Sum  of  the  resistance .  *    9      6 


Or  pounds . .      9.375 


W  Now  a89.375  pounds  is  raised  135  inches,  these  two  numbers 
being  multiplied  together,  the  product  is  1266,  which  ex- 
presses the  effect  produced  at  a  maximum ;  so  that  tlie  pn)- 
portion  of  the  pou*er  to  the  ef'ect  is  as  3970 :  1266,  or  as 
10  :  3.18. 

But  though  this   is  the  greatest  single  effect  producible 
from  the  power  mentioned,  by  the  impulse  of  the  water  upop 
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an  undershol-wJiccl ;  yet,  as  the  whole  pawcr  of  the  irMer 
Dot  exhausted  by  it,  this  will  ni>l  hv  the  true  r 
the  potrt'T  of  the  water,  and  the  mm  of  aJl  tlr 
tluclhle  therefrom;   for,  Jis  the  wnter  must  nee  u 

th«  wheel  with  a  velocity  equal  to  the  wheel's  cu  u..,. 
it  is  plain  »oine  part  of  the  power  of  the  water  muat 
after  tjuittiiig  the  wheel. 

The  velocity  uf  the  wheel  at  the  maximum  is  30 
uunute ;  and  coru^cquently   its  circumference   nv 
rate  of  3.1*^3  feet  a  second,  which  answerft  to  .< 
inches;   this  beine^  multiplied  by  the  expense  ui'  huUt  W' 
minute,   viz.    261.7   pounds    produces   4HI    for   the    pu 
remaining  in  tlie  water  after  it  Iiuh  pasfled  tlie  wheel : 
being   therefore  deducted  from  the  original   power  3,!l 
leaves  3,489,  which  in  that  part  of  tlie  power  spent  In 
.dncing  tlie  effect  I'iiK);  and,  consequently,  the  part 
.power  Mpcnt   in    produeinj^  the   effect,   ia  to  the 
effect  that  it  produces  as*  3489  :  1266  :  :  10  :  3.€a, 
n  to  4. 

The  vclovihf  of  the  ivater  striking  the  wheel  ! 
tletermincd  to  be  equal  to  86  circumferences  of  the  u 
minute,  and  tht;  vtinviti/  of  the  wheel  at  the  inaximfnn  to 
*>0 ;  the  velocity  of  the  w^ater  will  therefore  be  to  that  ol 
wheel  as  86  to  30,  or  as  10  to  3.5,  or  as  20  to  /• 

'fhc  load  at  the  maximum  has  been  shown  to  be  eqi 
nine  pounds  six  ounces,  and  the  wheel  ceased  movittg  wil 
12  pounds  in  the  scale:  to  which  if  the  weight  of  the 
be  added,  viz.   10  omiccs,  the  proportion  will  be  iiej.^ 
3   to  4  between   the   load   at   the  maximum   and   that 
w^hich  the  wheel  is  st4:)pped. 

It  is  somewhat  remarkable,  tliat  though  the  velocity  of  th< 
wheel  in  relation  to  the  water  turns  out  greater  than  \  of 
velocity  of  the  water,  yet  the  impulse  of  the  water  in 
case  01  a  maximum  is  more  than  double  of  what  is  assigfu 
by  theory^ ;  Uiat  is,  instead  of  I  of  the  colmnnj  it  is  ncarlj 
equal  to  the  whole  column ♦ 

It  must  be  remembered,  therefore,  that,  in  the  pi 
case,  the  wheel  was  not  placed  in  an  open  river,  where  \h{ 
natural  current,  after  it  h«is  communicated  its  impulse  to  th( 
float,  has  room  on  all  sides  to  escape,  as  the  theory  suppose.H; 
but  in  a  conduit  or  race,  to  wliich  the  float  is  udaptec' 
the  water  cannot  otherwise  escape  than  by  movini*  alon( 
with  the  wheel.  It  is  obaervable,  that  a  wheel  working  ii 
thiA  maimer,  so  soon  as  the  u^tcr  meets  the  float,  receives 
snckiea  check,  and  ri^s  up  against  the  float,  like  a  vnvit  agnim 
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a  fixed  object;  ingomuch^  that  when  a  bheet  of  water  is  not 
a  quarter  of  an  incli  thick  before  it  meets  the  floaty  yet  this 
sheet  will  act  upon  the  M'hole  surface  of  a  float  whose  height 
is  three  iuches ;  and,  consequently,  were  the  float  no  higher 
than  the  tliickness  of  the  sheet  of  water,  ai4  the  theory  also 
supposes,  a  great  p^urt  of  the  force  would  have  been  lost  by 
the  water  dashing  over  the  float. 

Mr.  Snieatoii  next  proceeds  to  give  tables  of  the  velocities 
of  wheels  with  different  heights  of  w^ter ;  and  from  the  whole 
deduces  the  following  conclusions. 

Majcim  1.  That  the  virtual  ur  effective  head  of  water,  and 
consequently  its  effluent  velocity,  being  the  same,  the  me- 
chanical eifcct  produced  by  a  wheel  actuated  by  this  water 
will  be  nearly  in  proportion  to  the  quantity  of  water  expended » 

Note. — ^Thc  virtual  or  effective  head  of  any  water  which  is 
moving  with  a  certidn  velocity,  is  that  height  from  which  a 
heavy  body  must  fall,  in  order  to  acquire  the  same  velocit)'. 

The  height  of  the  virtual  head,  therefore,  may  be  easily 
determined  from  the  velocity  of  the  water;  for  the  heights 
are  aa  the  square  of  the  velocities,  and  the  velocities,  conse- 
quently, as  the  square  roots  of  the  heights.  Mr.  Sraeaton 
observed  the  velocity  of  the  effluent  water  in  all  his  experi- 
ments,  and  thence  calculated  the  virtual  head :  he  states,  that 
the  virtual  head  bears  no  proportion  to  tlie  real  head  or  depth 
of  water;  but  that  when  either  the  aperture  is  greater,  or 
w*hen  the  velocity  of  the  water  issuing  therefrom  less,  they 
approach  nearer  to  a  coincidence ;  and  consequently,  in  the 
large  openings  of  mills  or  sluices,  where  great  quantities  of 
water  are  discharged  from  moderate  heads,  the  actual  head 
of  water,  and  the  virtual  head,  as  determined  by  theor)'  from 
the  velocit)-,  will  nearly  agree. 

For  example  of  tlie  application  of  his  first  maxim.  Suppose 
tt  mill  driven  by  a  fall  of  water  whose  virtual  head  is  five  feet, 
and  which  discharged  550  cubic  feet  of  water  per  minute, 
and  that  it  is  capable  of  grinding  four  bushels  of  wheat  in 
iin  hour.  Now  another  mill,  having  the  same  virtual  head, 
but  which  di&charges  IIUO  cubic  feet  of  water  per  minute, 
will  grind  eight  bushels  of  eorn  m  an  hour. 

Mdxim  2,  That  the  expense  of  water  being  the  same,  the 
effect  produced  by  an  undershot-wheel  wvW  be  nearly  in  pro- 
portion to  the  height  of  the  virtual  or  effective  head.  This  is 
proved  in  the  precedhig  example. 

Miurim  3.  That  the  quantity  of  water  expended  being  the 
siamc,  the  effect  will  be  nearly  as  the  square  of  the  velocity  of 
the  water;  that  is,  if  a  mill  driven  by  a  certain  quantity  of 
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wat^r,  moving  witli  the  velcxrity  of  18  feet  per  secoi 
ible  of  grinding  four  bushels  of  com  in  an  hour^  an< 
mfll,  driven  by  the  same  quantity  of  water,  but  moving 
the    velocity  of  22^  feet  per  second,  will  grind  nearly 
bushels  of  com  in  an  hour;  because  the  square  of  18  is 
and  the  square  of  22i  is  bOQ\,    Now,  say,  as  324  h  to 
bushels,  so  iB  506 J  to  64^  bushels;  that  is  aa  4  to  5|. 

Majcim  4,  The  aperture  through  which  the  water  11 
being  the  same^  the  effect  will  be  nearly  as  the  cube  of 
velocity  of  the  water  issuing;  that  is,  if  a  mill  driven  bv  ^^'nu 
Tushhig  through  a  certain  aperture  with  the  velocity 
per  second  will  grind  four  bushels  of  corn  in  an  hour,  uu 
mill,  driven  by  water  moving  through  the  game  apci ' 
with  the  velocity  of  22i  feet  per  second,  will  grind  51  bi 
for  the  cube  of  18  is  5832,  and  the  cube  of  22i  b  111 
then  as  5832  is  to  4,  so  is  1 1390$  to  71- 

Mttxim  5.  The  proportions  between  the  power  of 
water  expended,  and  the  effect  produced  by  the  wheel,  w\ 
3  to  1.  Upon  comparing  several  experiments,  Mr.  Sm< 
ion  fixed  the  proportion**  between  Uiem  for  large  works  j 
that  is,  it  the  weight  of  tlie  water  which  is  expended  in  anj 
^ven  time  be  multiplied  by  the  height  of  the  fall,  and  if  thi 
weight  raised  be  alflo  multiplied  by  the  height  through 
it  is  raised,  the  first  of  these  two  products  will  be  three 
that  of  the  second. 

Majcim  6,  The  best  general  proportions  of  velocities  be- 
tween the  water  and  tlie  floats  of  the  wheels  will  be  that 
5  to  2;  for  instance,  if  the  water  when  it  strikes  thi 
wheel  moves  with  a  velocity  of  18  feet  per  second,  the  wheel 
must  be  so  loaded  that  its  float-boards  will  move  with  a 
velocity  of  7*2  feet  per  second,  and  the  wheel  will  thfn 
derive  the  greatest  power  from  the  water,  because  aa  5  ta 
18,  so  is  2  to  7^. 

MajL'im  7*  Tliere  is  no  certain  ratio  between  the  I 
the  wheel  will  carry  when  producing  its  maximum  < 
and  the  load  that  will  totally  stop  it;  but  it  approachi 
nearest  to  the  ratio  of  4  to  3,  whenever  the  power  cxi 
cried  by  the  wheel  is  greatest,  whether  it  arise  from 
increase  of  tlie  velocity,  or  from  an  increat>ed  quantity 
water;  and  this  proportion  seems  to  be  the  most  appUcabl 
to  large  works.  But  when  we  know  the  effect  which  a  whei 
ought  to  produce,  and  the  velocity  it  ought  tn  move  wi! 
whilst   producing   that   effect,   the   exact  knov. '  »f 

greatest  loud  it  will  bear  l»  of  very  little  ct>i^ 
prHctiu€« 
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Maxim  8.  The  load  that  the  wheel  ought  to  have,  iti  urder 
to  work  to  the  most  advantage,  can  be  always  ansigned  thiii*: 
ascertain  the  power  of  the  whole  body  of  water,  by  multiply- 
ing the  weight  of  the  water  expended  in  a  minute  by  the 
height  of  the  fail ;  take  one-third  of  the  product,  and  it  gives 
the  effect  of  power  which  the  wheel  ought  to  produce:  to 
find  the  load,  we  muiiit  divide  this  product  by  the  velocity 
which  the  wheel  should  have,  and  that,  as  we  have  before 
settled,  should  be  two-fifths  of  the  velocity  with  which  Uie 
water  moves  when  it  strikes  the  wheel. 

In  the  application  of  these  principles  the  first  thing  to 
be  done  in  a  bituation  where  au  undershot-wheel  is  iiktendcd 
to  be  fixed,  is  to  consider  whether  the  water  can  run 
off  clear  from  the  wheel,  *  so  as  to  have  no  back-water  to 
impede  its  motion;  and  whether  the  fall  which  can  be 
obtained  by  constructing  a  proper  dam  to  pen  up  the 
water,  and  sluice  for  It  to  pass  through,  will  cause  it  to 
strike  the  float-boards  of  the  wheel  with  sufficient  velocity 
to  impel  them  forcibly  forwards;  and  also,  whether  the 
quantity  of  the  supply  will  be  sufficient  to  keep  a  wheel 
at  work  for  a  certain  number  of  hours  each  day. 

When  we  have  Etscertained  the  height  of  the  fall  of  water, 
that  is  the  height  of  the  surface  above  the  centre  of  the 
opening  of  the  sluice,  we  must  find  what  will  be  the  con- 
tinual velocity  of  the  water  issuing  from  tsuch  opening. 

In  Home  cases,  wc  have  the  velocity  of  the  water  given 
when  it  issues  from  the  opening  of  the  sluice,  and  we 
then  require  to  know  what  height  of  colujim  wiQ  pro- 
duce that  velocity.  These  two  things  we  may  find  by  a 
Bingle  rule,  and  an  easy  arithmeticLd  operation,  which  is  as 
follows : 

Ist.  The  perpendicular  height  of  the  fall  of  water  being 
given  in  feet  and  decimals  of  feet,  the  velocity  that  the  water 
will  acquire  per  second,  expressed  in  feet  and  decimals,  may 
be  found  by  the  following  rule ; 

Multiply  the  constant  number  64.2882  by  the  given 
height,  and  the  square  root  of  the  product  ig  the  velocity 
required. 

Kiample  1,  If  the  height  is  two  feet,  the  velocity  will  be 
found  1 1  .M  feet  per  second. 

Example  2.  If  the  height  is  16.0913  feet,  the  velocity 
will  be  32.1826  feet  per  second. 

ExampU  3.  If  the  height  is  50  feet,  the  velocity  will  be 
Ii6. 68  feet  per  second. 

Note, — ^The  velocities  thus  obtamed  will  bt  only  the  thco- 
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reiiL'  vtflocity ;  that  iSj  the  velocity  any  body  would  ticqui] 
by  falling  through  such  height  in  vacuo;  the   rclacity 
reality  will  be  less,  generally  six  or  »even  tenths. 

The  unifonu  velocity  of  a  fluid  being  given,  expressed  li 
feet  nnd  decimals  of  feet  per  second,  the  height  of  the  coli 
or  fall   to  produce  such  a  velocity  may  be  found  by 
following  rule: 

Multiply  the  given  velocity  into  itself,  and  diride 
product  by  64.2882;  the  <juotieut  will  be  the  height  reqt 
t'xpressed  in  feet  and  decimals. 

Example  1  ♦    If  the  velocity  given  is  three  feet  per  decoi 
the  heit?ht  will  be  0.139  of  a  foot. 

Ejcample  2.  If  the  velocity  given  is  32.1826  feet 
second;  the  height  will  be  found  16.17913  feet. 

Example  3.     Let  the   velocity   he    100  feet  per  s^econdij 
the  height  yni\  be  155.694  feet. 

The  kjiowledge  of  the  foregoing  porticiilarB  is  absolute!] 
^Iii'cessar)^  for  constructing  an  undershot  water-wheel  j  but  th« 
lost  advantageous  method  of  setting  it  to  \vork,  and  t^  Bnd| 
it  the  utJiioat  it  could  perform,  would  be  very  dilBcult,  i\ 
Ve  were  not  fumished  with  the  maximum  which  Air.  Smeat<ji 
settled,  by  showing,  that  an  undershot  water-whetl  will  acl 
to  the  greatest  advantage  when  the  velocity  of  its  fluat-boardi 
lii$  cr|ual  to  two-fifths)  of  four-tenth  parts  of  that  of  the  w; 
which  gives  it  motion. 

Lambert's  water-wheel. 

In  1819,  Mr.  Lambert,  of  Priuce*s-street,  Leicester-square,^ 
»l)tained  a  patent  for  an  improvement  in  the  water- whedj 
w!iich  he  thus  describes : 

"  Af  y  improved  water-wheel,  as  shown  in  figs.  85,  86,  ani 
87,  represents  the  paddles  standing  in  a  vertical  position 
the  surface  of  the  water  through  uhicli  they  are  to  pass,  and 
whatever  situation  or  direction  the  wheel  either  rests  oi 
[inoves,    the   paddles   preserve   tlie    same    vertical    po&ltiotiJ 
'he  great  advantage  derived  from  the  paddlcH  of  a  water-! 
firhcel  entering  and  quitting  the  water  through  which  such 
wheel  rerolvcs  in  a  perpendicular  direction,  has  long  heeii| 
admitted  to  be  a  most  important  and  desirable  measure  iri| 
that  class  of  water-wheels  knoi**n  and  called  by  engineer* 
^undershot-wheels,  either  for  water-niilla  or  fur  navigable  pur 
oHCft.     The  bpuelit  of  working  the  puddles  nf  such  M'hecU 
ill  n  vortical  p'      "  not  only  the  superior  hold  .  iirc 

whicli  the  wuu  itn  the  pachilcs  or  tloatn  ot's  «U. 

but  the  very  Uitlc  biick-watt'r  which  they  create  un  leaving 
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It.  The  principle  of  this  improvement  is  to  make  the  lower 
piddles  recede  from  the  centre  of  the  axle  and  to  the  arms 
to  which  they  are  attached,  while  the  upper  paddles  proceed 
to  the  centre  of  the  axle  in  equal  distances  as  the  othem 
recede ;  and  in  the  rotation  of  the  wheel,  every  paddle  passes 
through  the  various  evolutions  and  positions  to  which  every 
revolution  of  the  wheel  subjects  each  paddle.  The  lower 
paddles  describe  a  greater  radius  of  a  circle  than  the  upper 
puddles^  and  thereby  travel  at  an  increased  velocity,  or  rather 
they  pais  at  their  extreme  points  through  a  greater  space  in 
the  same  period  of  time ;  this  effect  renders  the  lower  half  of 
the  wheel  heavier  than  the  upper,  by  the  eccentric  position 
of  the  paddles,  and  the  flat  ring  of  iron  to  which  they  are 
attached,  and  it  also  increases  the  speed  of  any  navi^ble 
body  through  the  water  to  which  such  wheels  are  applied. 

Figs,  85,  86,  and  87,  are  views  of  my  improved  wheel  with 
one  paddle,  aa  in  fig.  85,  at  its  greatest  depth  in  the  water; 
B,  B,  B,  B,  is  one  of  the  iron  arm  frames  to  which  one  end  of 
the  paddles  C,  C,  C,  C,  C,  C,  are  attached  by  the  joint-pins 
D,  D,  D,  D,  D,  D,  to  the  arm  frames  B,  B,  B,  B.  E  E  is  the 
flat  iron  ring  or  eccentric  circle,  to  which  the  other  ends  of 
the  paddles  are  attiichcd  by  similar  j<^int-pins  F,  F,  F,  F,  F,  F. 
G  G,  are  the  iron  guard  or  guide- rollers,  a  section  of  one  of 
which  is  shown  at  fig.  88,  which  may  either  revolve  on  fixed 
axles,  or  these  rollers  may  be  fixed  on  revolving  axles,  which- 
ever is  most  convenient.  The  object  of  these  rollers  is,  to 
keep  the  iron  circle  E  E  in  its  proper  situation,  which  is  an 
equal  distjml  position  from  the  centre  of  the  wheel -shaft  in  a 
longitudinal  direction,  and  eccentric  in  a  verticiU  position  to  the 
shaft  A.  These  rollers  must  be  placed  apart  from  each  other, 
a  distance  exactly  equid  to  the  diameter  of  the  iron  circle 
EE^  consequently  the  rollers  GG  must  be  placed  in  a  line 
through  the  centre  of  the  circle  E  E  and  which  will  allow 
this  circle  to  rub  and  give  motion  to  the  rollers  G  G,  at  the 
speed  it  revolves.  The  circle  E  E,  forms  an  eccentric  course, 
while  it  rubs  on  every  part  of  its  periphery  against  the  rollers 
G  G.  This  circle  E  E  may  be  formed  with  teeth  like  the  rim 
of  a  cog-wheel,  and  in  that  case  the  rollers  G  G  may  either 
one  or  both  of  them  be  formed  into  spur  pinions  to  fit  the 
teeth  of  the  circle  E  E,  which  would  be  a  quick  and  siniplc 
mode  for  my  improved  water-wheel  to  work  machinery.  1 
tiometimes  use  two  flat,  hardened  steel  springs,  as  showti  in 
fig,  89,  instead  of  the  rollers  G  G,  to  keep  the  circle  E  E  in 
proper  place;  and  iii  ccrtidn  situations  they  will  be  found 
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to  answer  very  well.    Great  care  must  be  taken  to  make  the 
joint  pin-holes  in  the  iron  frames  B,  By  B,  B,  exactly  an  equal 
distance  apart  from  each  other;  and  it  must  also  be  observed 
in  piercing  or  drilling  the  joint  pin-holes  in  the  circle  £  £, 
that  they  correspond  with  the  holes  made  in  the  arm  frames 
B^B>B>B.    It  will  be  always  advisable  to  drill  both  the^ 
arm  frames,  B^  B,  B,  B,  and  the  circle  ££,  together,  that  the 
joint  pin-holes  in  all  three  may  correspond  exactly  with  each 
other,  and  particularly  from  the  centre  of  each.    The  joint 
pin-holes,  in  the  paddle-plates  or  floats,  should  also  be  made 
to  correspond  with  each  other;  and  it  is  the  distance  of  the 
holes  from  D  to  F  in  the  paddles  C  C,  as  shown  at  fig.  90, 
which  determine  the  eccentricity  of  the  course  of  the  iron 
ring  £  £;  and  it  is  bv  connecting  these  paddles  at  D  to  the 
arm  frtimes  B,  B,  B,  B,  and  at  F  to  the  ring  £  £,  which  iu 
the  rotation  of  the  whole  by  the  axle  A,  and  by-  keeping  the 
circle  £  £  in  its  proper  situation  as  before  described,  either 
by  the  rollers  G  G,  or  when  the  springs  H  H  are  substituted 
for  the  rollers,  that  the  paddles  always  preserve  a  vertical 
position  to  the  sur£Eu;e  of  the  water,  and  which  cause  the 
upper  paddles  to  approach,  whilst  the  lower  paddles  recede 
from  the  centre  of  the  axle  A.    Fig.  86  represents  a  view  of 
the  wheel  combined  with  all  the  paddles  connected  to  both 
frames  of  the  wheel,  with  the  iron  ring  or  circle  £  £  placed 
in  the  middle  of  the  frames  and  between  the  sides  of  the 
paddles,  with  the  joint-pins  in  their  proper  places,  with  the 
two  lower  paddles  at  their  most  extended  distance  from  the 
centre  of  axle  A,  whilst  the  two  upper  paddles  are  brought 
to  their  nearest  situation  to  that  axle;  the  joint-pins  must 
either  have  nuts  and  screws,  or  other  proper  fastenings,  to 
keep  them  in  their  several  places,  or  split  keys,  the  latter  of 
which  I  decidedly  prefer.    The  axle  A  must  be  properly 
placed  and  secured  in  the  iron  frames  B,  B,  B,  B,  in  any  of 
the  ordinary  modes  which  an  experienced  and  skilfril  workman 
will  adopt.    The  number  of  sets  of  paddles  or  floats  for  any 
one  wheel  must  be  determined  according  to  the  magnitude 
and  duty  of  such  wheel;  it  is  the  general  construction  and 
combination  as  described,  which  constitute  my  improved 
wheel,  and  not  the  number  of  the  paddles  or  floats,  or  their 
magnitude.    I  should^  however,  never  recommend  less  than 
six  sets  of  paddles  or  floats  to  be  combined  in  any  wheel 
made  on  the  plan  of  my  improved  wheel,  although  I  am  aware 
it  would  act  with  a  less  number,  but  not  so  advantageously. 
The  same  letters  in  figs.  85,.  86^  and  87^  represent  the 


AND   MACUIKIST*  JB 

parU  in  eiUier  of  tliciic  figures,  and  as  far  as  any  of  the  simiJar 
puU  are  tihown  in  figs.  88,  89»  and  90^  the  letters  and 
'cbanuTteri?  also  distlnguluh  them. 

THE   0\^ft8HOT-WHK£L, 

This  wheel  consists  of  a  frame  of  open  buckets,  placed 
fcmnd  the  rim  of  a  vertical  wheel,  to  receive  the  water 
bom  a  spout  placed  over  it,  so  that  the  buckets   on  the 

t  sidje  shall  be  always  loaded^  while  those  on  the  opposite 
fkie  we  empty.  The  loaded  side  will  of  course  descend, 
aid  the  wheel  in  its  revolution  will  bring  the  empty  buckets 
Boder  the  spout,  to  be  iu  their  turn  filled  with  water. 

The  principal  thing  to  be  attended  to  in  the  conatniction 
of  tltis  wheel  is  to  have  the  buckets  of  such  a  form  as  wnll 
ittam  the  water  along  the  greatest  circumference  of  the 
wheel :  and  as  this  is  a  thing  not  easily  to  be  accoroplished, 
tttuasrroas  contrivances  have  been  resorted  to  by  mill-wrights 
to  «letermine  the  best  possible  form. 

Fig*  91  ia  the  outline  of  a  wheel  having  40  buckets.  The 
nqr  of  board  contained  between  the  concentric  circles  Q  D  S 
an?  P  A  K,  making  the  ends  of  the  buckets,  is  called  the 
fbrouding,  and  Q  P  the  depth  of  shrouding.  The  inner  circle 
P  A  R  ijs  called  the  sole  of  the  wheel,  and  usually  consists  of 
iKNirds  nailed  to  strong  wooden  rings  of  compass  timber  of 
eon^derable  scantling,  firmly  united  with  the  Jirms  or  radii. 
THe  partiUons,  which  determine  the  form  of  the  buckets, 
CDRsUt  of  three  different  planes  or  boards,  A B,  B C,  CD, 
vhidi  are  variously  named  by  different  artists.  We  have 
licwd  tbent  called  the  start  or  shoulder,  the  arm,  and  tlie 
wrest:  (probably  for  %vrist,  on  account  of  a  resemblance  of 
dke  whole  Hue  to  the  hmnan  arm:]  B  is  also  called  the 


Fig.  92  represents  a  small  portion  of  the  same  bucketing 
I  a  larger  scale,  that  the  proportion  of  the  parts  may  be 
duUnctly  seen.  AG  the  sole  of  one  bucket  is  made 
iboot  4  more  than  the  depth  G  H  of  the  shrouding.  The 
fftiiit  A  R  is  i  of  A  L  The  plane  B  C  is  so  inclmed  to  A  B 
tltat  U  would  pass  through  H ;  but  it  is  made  to  terminate  in 
C,  in  sucb  a  mimner  that  F  C  is  ^ths  of  G  H  or  A  I.  Then 
C  D  IS  so  placed  that  H  D  is  about  |th  of  I  H. 

By  this  constniction  it  follows  that  the  area  F  A  B  C  is 
ftry  nearly  equal  to  D  A  B  C ;  so  that  the  water  which  will 
fill  ihc  space  F  A  B  C  will  all  be  contained  in  the  bucket 
it  simll  come  itito  such  a  position  tliat  A  D  is  a  hori* 
line}  and  the  hue  AB  will  then  make  an  angle  of 
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35^  with  the  vertical^  or  the  bucket  will  be  35^  from  the 
perpendicular,  passing  through  the  axis  of  motion.  If  the 
bucket  descend  so  much  lower  that  one  half  of  the  water  runs 
out,  the  line  A  B  will  make  an  angle  of  25°  or  24°  nearly 
with  the  vertical.  Therefore  the  wheel,  filled  to  the  degree 
now  mentioned,  will  begin  to  lose  water  at  about  -^th  of  the 
diameter  from  the  bottom,  and  half  of  the  water  will  be 
discharged  from  the  lowest  bucket,  about  iVth  of  the  diame- 
ter fiirUier  down.  Had  a  greater  proportion  of  the  buckets 
been  filled  with  water  when  they  were  under  the  spout,  the 
discharge  would  have  begun  at  a  greater  height  from  the 
bottom,  and  we  should  lose  a  greater  portion  of  the  whole 
fall  of  water.  The  loss  by  the  present  construction  is  less 
than  Tvth,  (supposing  the  water  to  be  delivered  into  the  wheel 
at  the  very  top,)  and  may  be  estimated  at  about  -i^^-th;  for  the 
loss  is  the  versed  sine  of  the  angle  which  the  radius  of  the 
bucket  make  with  the  vertical.  The  versed  sine  of  d5<*  is 
nearly  fth  of  the  radius,  being  0.18065,  or -firth  of  the  dia- 
meter. It  is  evident,  that  if  only  \  of  this  water  were  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been 
retained  for  10°  more  of  a  revolution,  and  the  loss  of  faU 
would  have  only  been  about  -t^th. 

These  observations  serve  to  show  in  general,  that  an 
advantage  is  gained  by  having  the  buckets  so  capacious  that 
the  quantity  of  water  which  each  can  receive  as  it  passes  the 
spout  may  not  nearly  fill  it.  This  may  be  accomplished  by 
making  them  of  a  sufficient  length,  that  is,  by  making  the 
wheel  sufficiently  broad  between  the  two  shroudings. 

Mr.  Robert  Burns,  of  Cartsidc,  in  Renfrewshire,  has  made 
what  appeared  to  be  a  very  considerable  improvement  in  the 
construction  of  the  bucket.  The  principle  of  this  improve- 
ment consisted  in  dividing  the  bucket  by  a  partition  of  such 
a  height,  that  the  inner  and  outer  portions  of  the  bucket  on 
each  side  were  nearly  of  equal  capacity.  See  fig.  93.  The 
bucket  consisted  of  a  start  A  B,  an  arm  B  C,  and  a  wrest  C  D, 
concentric  with  the  rim,  and  was  divided  by  the  partition  LM, 
concentric  with  the  sole  and  rim.  If  these  buckets  be  filled 
one- third,  they  will  retain  the  whole  of  the  water  at  18",  and 
the  half  at  11°,  from  the  bottom.  These  advantages  how- 
ever were  found  to  be  counterbalanced  by  disadvantages ;  and 
Mr.  Burns  did  never,  we  believe,  put  the  construction  in 
practice. 

The  velocity  of  an  overshot- wheel  is  a  matter  of  very  great 
nicety;  and  authors,  both  speculative  and  practical,  have 
arrived  at  very  different  conclusions  respecting  it.     M.  Be- 
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fmj  Biraiig"cly  maintains,  that  there  is  a  certain  velocity 
rrffitt^    to    tliat    obtainable   by   tbc  whale   fali^  wliicli    will 
to    an    overshot-wheel    the   greatest   performance* 
leri*,  Snieaton,  Lambert,    De  Parcieux,  and  others, 
mintain,  that  there  is  no  such  relation,  and  that  the  perforra- 
ace  of  an  overshot-whccl  will  be  the  greater,  as  it  moves 
more  ilon^Iy  by  an  increase  of  its  load  of  work.     Belidur 
iom  states,  that  the  active  power  of  water  lying  in  a  bucket- 
Wheel   of  any  diameter  is  e<iiial   to  the  impulse  of  the  same 
WAtef  on  the  floats  of  an  iindcrshot-wheel,  when  the  water 
liMursi  from  a  sluice  in  the  bottom  of  the  dam.     The  other 
i]  we  have  named   assert,  that  the  energy  uf  an 
iieel  is  but  one  half  of  that  of  an  overshot,  actuated 
by  tlic  same  quantity  of  water  falling  from  the  same  height. 
The  ukoat  generally  received  opinion  is,  that  the  overshot- 
[vhecl  does  tJie  more  work,  as  it  moves  slower;  and  the 
f  11....:,..^  is   the  reasoning   adduced  to  prove  it.     Suppose 
Uoel  has  30  buckets,  and  that  ^ix  cubic  feet  of  water 
.1.  '  in  a  second  on  the  top  of  the  wheel,  and  diu- 

linut  any  loss  by  the  way,  at  a  certain  height 
IK  of  the  wheel.  Let  this  be  the  case,  whatever 
i  Uie  wheel's  motion,  the  buckets  being  of  a 
rieul  capacity  to  hold  all  the  water  w^hich  fall«  into  tliem. 
tills  wheel  employed  to  raise  a  weight  of  any  kind, 
rr  for  instance,  in  a  chain  of  30  buckets,  to  the  same 
[ihitude  and  n  ith  the  same  velocity.  Suppose,  further,  that 
Mieti  the  load  on  the  rising  side  of  the  machine  is  one  half 
uo  the  wheel,  the  wheel  makes  four  revolutions  in  a 
ite,  or  one  tuni  in  15  seconds.  During  this  time  DO 
>t-  r  will  have  flowed  into  the  30  buckets,  and 

ji^  <-d  three  cubic  feet*     In  that  case  each  of  the 

bucketM  cont;dns  li  feet;  and  45  cubic  feet  arc  deli- 
ttito  the  upper  cistern  during  one  turn  of  the  wheel, 
ItBd  Itf)  cubic  feet  in  one  minute. 

}ioWf  tfoppose  the  machine  so  loaded^  by  making  the  rising^ 
[tiQckrts  mure  capacious,  that  it  makes  only  two  turns  in  a 
or  one  turn  in  30  Beconds;  then  each  descending 
aust  contain  six  cubic  feet  of  water.  If  each  bucket 
rising  side  contained  three  cubic  feet,  the  motion  of  the 
fine  would  be  the  same  as  before.  This  is  a  point  none 
cottlrorert.  When  two  pounds  are  suspended  to  one 
•ejw!  of  a  string  which  passes  over  a  pidley,  and  one  pound  to 
'tl>c  otlier  end,  the  velocity  of  descent  of  the  two  pounds  will 
jW  the  same  with  that  of  a  four  pound  weight,  which  is 
cin]))oycd  in  the  same  manner  to  draw  up  two  jjouuda.     Our 
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machine  would  therefore  continae  to  make  four  turns  in  a 
minute,  and  would  deliver  90  cubic  feet  during  each  turn, 
and  360  in  a  minute.  But,  by  supposition,  it  is  making  only 
two  turns  in  a  minute ;  wMch  must  proceed  from  a  greater 
load  than  three  cubic  feet  of  rising  water  in  each  rising 
bucket.  The  machine  must,  therefore,  be  raising  more  than 
90  feet  of  water  during  one  turn  of  the  wheels  and  more  than 
180  in  a  minute. 

Thus  it  appears  that  if  the  machine  is  turning  twice  as 
slow  as  before,  there  is  more  than  ttoice  the  former  auanttfy 
in  the  rising  buckets;  and  more  will  be  raised  in  ammute  Dy 
the  same  expenditure  of  power.  In  like  manner,  if  the 
machine  go  three  times  as  slow,  there  must  be  more  than 
three  times  the  former  quantity  in  the  rising  buckets,  and 
more  work  will  be  done. 

But  further  we  may  assert,  that  the  more  we  retard  the 
machine  to  a  certain  practical  extent,  by  loading  it  with  more 
work  of  a  similar  kind,  the  greater  will  be  its  performance  v 
and  the  truth  of  the  assertion  may  be  thus  demonstrated. 
Let  us  call  the  first  quantity  of  water  in  the  rising  bucket, 
Q;  the  water  raised  by  four  turns  in  a  minute  will  be  4  x  90 
X  Q  =  120  Q.  The  quantity  in  this  bucket,  when  the  ma- 
chine goes  twice  as  slow,  has  been  shown  to  be  greater  than 
2Q;  call  it  2Q  +  x;  the  water  raised  by  two  turns  in  a 
minute  will  then  be  2  x  30  x  (2Q  +  jp)  =  120  +  60 4r. 
Suppose  next,  the  machine  to  go  four  times  as  slow,  making 
but  one  turn  in  a  minutie;  the  risii^  bucket  must  now 
contain  more  than  twice  the  quantity  2  Q  +  x,  or  more  than 
4Q  -h  2ar,  call  it  4Q  -f  2jr  +  y.  The  work  done  by  one 
turn  in  a  minute  will  now  be  30  x  (4  Q  +  2  *  +  y)  =  120 
Q  +  60  r  +  30  ^.  By  such  an  induction  of  the  work  accom- 
plished, with  any  rates  of  motion  we  choose,  it  is  erident 
that  the  performance  of  the  machine  increases  with  every 
diminution  of  its  velocity  that  is  produced  by  the  mere  addi- 
tion of  a  similar  load  of  work,  or  that  it  does  the  more  work 
the  slower  it  goes.  This,  however,  is  abstracting  from  the 
eiSects  of  the  friction  upon  the  gudgeons  of  the  wheel,  a 
cause  of  resistance  which  increases  with  the  load,  though 
not  in  the  same  ratio. 

We  have  also  supposed  the  machine  to  be  in  its  state  of 
permanent  uniform  motion.  If  we  consider  it  only  in  the 
beginning  of  its  motion,  the  result  is  still  more  in  ntvotu:  of 
slow  motion :  for,  at  the  first  action  of  the  moving  power,  the 
inertia  of  the  machine  itself  consumes  part  of  it,  and  it  acquires 
its  permanent  velocity  by  degrees,  during  which  the  resist- 
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meet  aiisiag  from  the  work^  friction,  &c.,  increase^  till  tliey 
taatdy  balance  the  pressure  of  the  water ;  and  after  this  the 
onchine  no  longer  accelerates.  Now,  the  greater  the  power 
and  the  reRistance  arising  frum  the  work  are,  in  proportion 
ti>  the  inertia  of  the  machine,  the  sooner,  it  is  obnous^  will  it 
trrive  at  its  state  of  permanent  velocity. 

The  preceduig  discussion  only  demonstrates  in  general  the 

idvantage   of  slow  motion  j  but  does  not  point  out  in  any 

degree  the  relation  between  the  rate  of  motion  and  the  work 

performed,  nor  even  the  principles  on  which  it  depends.     But 

tliia  is  not  necessary  for  the   improvement  of  practical  me- 

dumics.     It  is,  however,  manifest,  that  there  is  not,  in  the 

ittlarv  of  things,  a  maximum  of  performance  attached  to  any 

particular  rate  of  motion  which  should,  on  that  account,  be 

|ireferred.     All,  therefore,  that  we  have  to  do,  is  to  load  the 

aachioe,  and  thus  to  diminish  its  speed,  unless  other  physical 

circomstances  throw  obstacles  in  the  way:  for  there  are  such 

ob»tacle^^  as  in  all  machines  there  are  certain  inequalities  of 

ictm  that  are  unayoidable.     In  the  action  of  a  wheel  and 

pbiOQy  though  made  with  the  utmost  judgment  and  care, 

tbfte  aie  uuch  inequalities*     These  increase  by  the  changes 

tit  form  occasioned  by  the  wearing  of  the  machine  ;  and  much 

l^rratcr  irregularities  arise  from  the  snbsultory  motions  of 

craoka,  stampers,  and  other  parts  which  move  unequally  or 

rcciprorany.     A  machine  may  be  so  loaded  as  just  to  be  in 

cquiUbrio  with  its  work,  in  the  favourable  position  of  its 

paita :  and  when  this  changes  into  one  less  favourdble,  the 

ffiicfaiiie  may  stop,  or,  at  all  events,  hobble  and  work  un- 

ttimUy,     The  rubbing  parts  thus  bear  long  on  each  other, 

With  enormous   pressures,   cut   deep   into  each   other,   and 

iacrea^    friction :    tlierefore    such   slow  motions   should  be 

amdetl*     A  little  more  velocity  enables  the  machine  to  over- 

oomt  tbo«e  increased  resistances  by  its  inertia,  or  the  great 

oaantity  of  motion  inherent  in  it.     Great  machines  possess 

Itiisi  advantage  in  a  superior  degree,  and,  consequently,  will 

imrk  steadily  with  a  smaller  velocity. 

Mr.  Smeaton,  in  his  Experimental  Inquiry,  previous  to 
examining  into  the  power  and  application  of  water,  when 
«<?ting  •  "tviti/  on  oversfiot-wfteeis,  says,  "  In  reasoning 

wiihmit  ^  iient,  one  might  be  led  to  imagine,  that  how- 
•?icr  different  the  mode  of  application  is,  yet  that  whenever 
tht  same  quantity  of  water  descends  through  the  same  per- 
(  petidicular  space,  that  the  natural  effective  power  would  be 
equal,  supposing  the  machinery  free  from  friction,  erpially 
escalated  to  receive  the  full  effect  of  the  p<«wer,  and  to  make 
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the  most  of  it:  for  if  we  suppose  the  height  of  a  column  of 
water  to  be  30  inches,  and  resting  upon  a  base  or  aperture 
one  inch  square,  every  cubic  inch  of  water  that  departs  there- 
from will  acquire  the  same  velocity  or  momentum,  from  the 
uniform  pressure  of  30  inches  above  it,  that  one  cubic  inch 
let  fall  from  the  top  will  acquire  in  felling  down  to  the  level 
•of  the  aperture :  one  would  therefore  suppose,  that  a  cubic 
inch  of  water,  let  fell  through  a  space  of  30  inches,  and  there 
impinging  upon  another  body,  would  be  capable  of  producing 
an  equal  effect  by  collision,  as  if  the  same  cubic  inch  had 
descended  through  the  same  space  with  a  slower  motion,  and 
produced  its  effects  gradually.  But  however  conclusive  this 
reasoning  may  seem,  it  will  appear,  in  the  course  of  the 
following  deductions,  that  the  effect  of  the  gravity  of  descend- 
ing bodies  is  very  different  from  the  effect  of  stroke  of  such 
as  are  non-elastic^  though  generated  by  an  equal  mechanical 
power." 

When  Mr.  Smeaton  had  finished  his  experiments  on  under- 
shot mills,  he  reduced  the  number  of  floats  on  the  wheel, 
which  were  originally  24,  to  12;  which  caused  a  diminution  in 
the  effect,  on  account  of  a  greater  quantity  of  water  escaping 
between  the  floats  and  the  floor :  but  a  circular  sweep  being 
adapted  thereto,  of  such  a  length,  that  one  float  entered  the 
curve  before  the  preceding  one  quitted  it,  the  effect  came  so 
near  that  of  the  former,  as  not  to  give  any  hopes  of  advanc- 
ing it  by  increasing  the  number  of  floats  beyond  24  in  this 
particular  wheel. 

In  these  experiments  the  head  was  six  inches,  and  the 
height  of  the  wheel  24  inches,  so  that  the  whole  descent  was 
30  inches :  the  quantity  of  water  expended  in  a  minute  was 
96^  pounds,  which,  multiplied  by  30  inches,  gives  the  power 
=  2900.  After  making  the  proper  calculations,  the  effect  was 
computed  at  1914;  the  ratio  therefore  oi\he  power  and  effect 
will  be  as  2900  :  1914,  or  as  10  :  6.6,  or  as  3  to  2  nearly. 
But  if  we  compute  the  power  from  the  height  of  the  wheel 
only,  we  shall  have  9(H  pounds,  multiplied  by  24  inches 
=  2320  for  the  power,  and  this  will  be  to  the  effect  as 
2320  :  1914,  or  as  10  :  82,  or  as  5  to  4  nearly. 

From  another  set  of  experiments  the  following  conclusions 
were  deduced : 

I.  The  effective  power  of  the  water  must  be  reckoned 
upon  the  whole  descent,  because  it  must  be  raised  that 
height  in  order  to  produce  the  same  effect  a  second  time 
The  ratios  between  the  powers  so  estimated,  and  the  effects 
at  the  maximum,  differ  nearly  from  that  of  10  to  7*6,  to  that 
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of  10  to  5.2,  that  is  nearly  from  4.3  to  4.2,  In  thoac  cxpe- 
nmeutb  where  the  heads  of  water  and  quantities  expended 
are  leasts  the  proponion  is  nearly  as  4  to  3 ;  but  where  the 
beads  and  quantities  arc  greatest,  it  approaches  nearer  to 
Uuti  of  4  to  2 ;  and  by  a  medium  of  the  whole,  the  ratio  is 
that  of  3  to  2  nearly.  Hence  it  appears,  that  the  effect  of 
orerabot- wheels  is  nearly  double  to  that  of  the  underbhot, 
andy  by  consequence,  that  non- elastic  bodies,  when  acting 
by  their  impulse  or  collision,  conmiunicate  only  a  part  of 
tbeir  original  power,  the  remainder  being  spent  in  changing 
thrir  fioiire  in  consequence  of  the  stroke.  The  ultimate 
I-,  that  tiie  effects,  as  well  as  the  powers,  are  as 
,  I  >  of  water  and  perpendicular  heights  multiplied 

raer  rehpectively. 
By  increasing  the  head  from  3  to  1 1  inches,  that  is,  the 
wbule  descent  from  27  inches  to  35,  or  in  the  ratio  of 
7  to  9  nearly,  the  effect  is  advanced  no  more  than  in  the 
ratio  uf  ti.l  to  8.4,  that  is,  as  7  to  7-2(i;  and  consequently 
the  incrcajse  of  effect  is  not  one-seventh  of  the  increase  of 
idlcular  height.  Hence  it  follows,  that  the  higher  the 
in  in  proportion  to  the  whole  descent,  the  greater  will 
ic  effect ;  because  it  depends  less  upon  the  impulse  nf 
lead,  and  more  upcm  the  gravity  of  the  waiter  in  tlie 
^  ^  5l4»;  and  if  we  consider  how  obliquely  the  water  issuing 
Insi  UiC  head  must  strike  the  buckets,  we  shall  not  be  at  a 
baa  to  account  for  the  little  advantage  that  arises  from  the 
b&puhe  thereof,  and  shall  inmKdiatcly  see  of  how  little  con* 
«•  this  impulse  is  to  the  effect  of  an  overshot- wheel. 
wever,  like  other  things,  is  subject  to  limitation,  for 
drsirable  that  the  water  should  have  somewhat  greater 
Uy  than  the  circumference  of  the  wheel,  in  coming 
m ;  otherwise  the  wheel  will  not  only  be  retarded  by 
packets  striking  the  water,  but  a  portion  of  the  power 
be  lost  by  the  water  dashing  over  the  bucketi*. 
3.  To  determine  the  velocity  which  the  circumference  of 
Itbe  wheel  ought  to  have  in  order  to  produce  the  greatest 
Mr.  Smeaton  observes,  that  the  slower  a  body  descends, 
grentiT  will  be  the  portion  of  tin  action  of  gravity  appU- 
\i '  j  1  roducinga  mechanical  effect,  and,  in  consequence, 

\vill  be  the  effect.     If  a  stream  of  water  falls  into 
backet  of  an  ovevshot^wheel,    it  is  there  retained  till 
t*bc  wheel  by  moving  round  discharges  it,  and  consequently 
fkt  nlower  the  wheel  moves,  the  more  water  each  bucket 
itH  receiver  so  that  what  is  lost  in  speed,  is  gained  by  the 
pressure  of  a  greater  quantity  of  water  acting  in  the  buckets 

a 
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at  once.  From  the  experiments,  however,  it  appeared,  that 
when  the  wheel  made  about  20  turns  in  a  minute,  the  effect 
was  near  upon  the  greatest.  When  it  made  30  turns,  the 
effect  was  diminished  about  vVth  part;  and  that  when  it 
made  40^  it  was  diminished  about  \ ;  when  it  made  less  than 
18^,  its  motion  was  irregular;  and  when  it  was  loaded  so  as 
not  to  admit  its  making  18  turns,  the  wheel  was  overpowered 
by  its  load.  It  is  an  advantage  in  practice,  that  the  velocity 
of  the  wheel  should  not  be  diminished  further  than  will  pro- 
cure some  solid  advantage  in  point  of  power,  because  ceteris 
paribus^  as  the  motion  is  slower,  the  buckets  must  be  made 
larger,  and  ihe  wheel  being  more  loaded  with  water,  the 
stress  upon  every  part  of  the  work  will  be  increased  in  pro- 
portion. The  best  velocity  for  practice,  therefore,  will  be 
such,  as  when  the  wheel  made  30  turns  in  a  minute,  that  is, 
when  the  velocity  of  the  circumference  is  a  little  more  than 
three  feet  in  a  second.  Experience  confirms  that  this  velo« 
city  of  three  feet  in  a  second  is  applicable  to  the  highest 
overshot- wheels,  as  well  as  the  lowest ;  and  all  other  parts  of 
the  work  being  properly  adwted  thereto,  will  produce  very 
nearly  the  greatest  effect  possible ;  it  is  also  determined  by 
experience,  that  lugh  wheels  may  deviate  further  from  this 
rule,  before  they  will  lose  their  power,  by  a  given  aliquot 

fart  of  the  whole,  than  low  ones  can  be  admitted  to  do. 
or  a  wheel  of  24  feet  high  may  move  at  the  rate  of  six  feet 
per  second  without  losing  any  part  of  its  power;  and,  on 
the  other  hand,  the  author  had  seen  a  wheel  of  33  feet  hig^ 
that  moved  very  steadily  and  well,  with  a  velocity  but  little 
exceeding  two  feet.  The  reason  of  the  superior  velocity  of 
the  24  feet  wheel  seems  to  have  been  owing  to  the  small 
proportion  that  the  head,  requisite  to  give  the  water  the 
proper  velocity  of  the  wheel,  bears  to  the  whole  height. 

4.  The  maximum  load  for  an  overshot-wheel,  is  that  which 
reduces  the  circumferences  of  the  wheel  to  its  proper  velocity; 
which  will  be  known  by  dividing  the  effect  it  ought  to  pro- 
duce in  a  given  time,  by  the  space  intended  to  be  described 
by  the  circumference  of  the  wheel  in  the  same  time ;  the 
quotient  will  be  the  resistance  overcome  at  the  circumference 
of  the  wheel,  and  is  equal  to  the  load  required,  the  friction 
and  resistance  of  the  machinery  included. 

6.  The  greatest  velocity  of  which  the  circumference  of  an 
overshot-wheel  is  capable,  depends  jointly  upon  the  diameter 
of  th^  height  of  the  wheels  and  the  velocity  of  foiling  bodies ; 
for  it  is  plain  tliat  the  velocity  of  the  circumference  can 
never  be  greater  than  to  describe  a  semi-circumference 
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wUe  »  body  let  fall  from  the  top  of  the  wheel  will  descend 
ibfOugfa  its  diameter;  nor  even  quite  so  great^  as  a  body 
desce::dLDg  through  the  same  perpendicular  space  cannot 
perform  the  same  in  so  small  a  time  when  pas^^ing  through  a 
lemi-circle  as  would  be  done  in  a  perpendicular  line.  Thus, 
if  a  wheel  is  16  feet  one  inch  in  diameter,  a  body  wiii  faU 
through  it  in  one  second:  this  wheel  tiierefore  can  never 
nrnve  at  a  velocity  equal  to  the  making  one  turn  in  two 
itruuds ;  but,  in  reality,  an  overshot-wheel  can  never  come 
nrar  this  velocity  ;  for  when  it  acquires  a  certain  spe^d,  the 
greatest  part  of  the  water  is  prevented  from  ent<?ring  the 
buckets^  and  the  rest,  at  a  cert^'m  point  uf  its  descent,  i» 
thrown  out  «>gain  by  the  centrifugal  force.  As  these  circum- 
ftatices  depend  cliiefly  upon  the  form  of  the  buckets,  the 
iiUmMt  velocity  of  overshot-wheeJs  cannnot  be  generally 
determined ;  and,  indeed,  it  is  tlie  less  necessary  in  practice, 
Ax  it  in  in  this  circmnatance  incapable  of  producing  any 
mechanical  ctTect. 

6.  'Hie  greatest  load   an  overshot-wheel  will   overcome, 

considered  abstractedly,  is  unlimited  or  iuEnitej  for  as  the 

buckets  may  be  of  any  given  capacity,  the  more  the  wheel  is 

loaded,  tlic  slower  it  turns,  but  the  slower  it  turns,  the  more 

irill   the  buckets  be  filled  with  water;  and^  consequently, 

the  diameter  of  the  wheel  and  quantity  of  water 

d  are  both  limited,  yet  no  resistance  can  be  assigned^ 

.  U  it  is  not  able  to  overcome ;  but  in  practice  we  always 

t  with  something  that  prevents  our  getting  into  iufmitesi- 

:-^^.     For  when  we  really  go  to  work  to  build  a  wheel,  the 

u^tkels  nmst  necessarily  be  of  some  given  capacity,   and 

con»e<iuently  such  a  resistance  will  stop  the  wheel,  as  it  is 

fqual  to  the  effort  of  all  tlie  buckets  in  one  semi-circum- 

frrence    filled    with    water.     The   structure  of  the  buckets 

hang  giT^^n,  the  (juantity  of  this  effort  may  be  assigned,  but 

ooi  of  niufh  consequence  in  practice,  as  ui  this  case  also 

the  wheel  loses  its  power  j  for  though  here  is  the  exertion 

of  gravity  upon  a  given  quantity  of  water,  yet  being  pre- 

feoted    by   a   counterbalance   from   moving,   is   capable   of 

p]XKlu«*ing  no  mechanical  effect,  according  to  our  definition. 

but,  in  reality,  an  overshot-wheel  generally  ceases  to   be 

QBrfiil  before  it  is  loaded  to  that  pitch  5  for  when  it  meets 

Villi  such  a  renistanca  as  to  diminish  its  velocity  to  a  certain 

•c,  its  motion  becomes  irregular;  yet  this  never  happcuii 

'tlie  velocity  of  the  circumference  is  less  than  two  feet  per 

iFcond,  where' the  resistance  is  equable. 

(i2 
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The  reader  having  now  become  acquainted  with  the  valu- 
able course  of  experiments  made  by  Mr.  Smeaton,  we  shall 
next  offer  to  his  notice  a  few  remarks  upon  the  best  mode  of 
delivering  water  upon  an  overshot-wheel. 

In  wheels  of  this  construction^  it  has  been,  and  still  is^  the 
common  practice,  to  allow  the  water  to  flow  into  the  buckets 
at  the  highest  point  of  the  wheel ;  but  this  system  is  deci- 
dedly bad ;  for  the  centre  of  gravity  of  the  upper  bucket  is 
direct  over  the  axle  of  the  wheel,  and,  consequently,  any 
water  poured  into  that  bucket  will,  instead  of  creating  a  rota- 
tory motion,  cause  a  greater  pressure  upon  the  pivots  of  the 
axle.  The  greatest  advantage  would  be  obtained  by  causing 
the  water  to  fall  upon  the  wheel,  at  an  angle  of  42  5  or 
45  degrees,  as  then  the  power  of  the  wheel  will  be  aug- 
mented by  the  increased  leverage.  In  constructing  wheels 
Xn  this  principle,  however,  great  care  must  be  taken  to 
w  a  sufficiency  of  room  in  buckets  for  the  escape  of  air, 
otherwise  the  wheel  will  not  act.  The  same  observation  is 
also  applicable  to  breast-wheels ;  for  we  were  once  present, 
and  witnessed  an  instance  of  this  kind,  at  the  first  starting 
of  a  breast-wheel,  in  which  the  millwright,  in  order  to  ob- 
tain the  greatest  possible  effect,  had  made  the  back-boards 
to  fit  so  tight  that  no  water  or  air  could  escape ;  the  conse- 
quence of  which  was,  the  necessity  of  reducing  the  whole  of 
the  back-boards,  to  allow  air  enough  to  escape  for  the  water 
to  act  freely  upon  the  floats. 

burn's  overshot-wheel  without  a  shaft. 

This  ingenious  machine  was  invented  and  erected  by  the 
late  Mr.  Bums,  whose  mechanical  ingenuity  we  have  already 
had  occasion  to  admire.  It  is  represented  in  two  different 
sections,  in  figs.  95  and  96,  and  forms  a  large  hollow  cylinder 
by  its  buckets  and  sole,  without  having  any  shaft  or  axle-tree. 

This  wheel  is  124  ^^^  diameter,  and  seven  feet  broad  over 
all,  and  has  28  buckets.  The  gudgeon  is  6  inches  diameter, 
by  9  inches  long.  The  flaunch  is  1  i  inch  thick  at  the  ex- 
treme points.  The  wms  are  of  redwood  fir,  6  inches  square; 
one  piece  making  two  arms  in  length,  where  they  cross  one 
another  at  the  wheel's  centre,  IJ  inch  of  the  wood  remaining 
in  each,  connecting  the  two  opposite  arms  as  one  piece.  The 
wheels  was  made  by  first  fitting  the  gudgeon  into  a  large 
piece  of  hard  wood,  with  the  flaunch  parallel  to  the  horizou, 
Und  in  that  position  the  axms  and  rings  were  trained  and 
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nti  fast  to  it.  All  the  grooves  for  starts  or  raisers,  ami 
buckets,  were  cut  out  before  it  was  re»io\cd;  first  one  piece 
was  bolted  to  the  flaiineh  at  a  a,  and  so  of  the  others,  leaviiii,^ 
the  distant  opening's  for  the  cross  hars  that  reacli  between 
each  arm  and  its  opposite  arm.  These  bars,  or  pieces,  were 
only  4  ixiches  square,  and  were  of  good  beech  wood,  turned 
tDund  in  the  body.  They  were  10  inches  square  at  each  end, 
in  which  was  fitted  a  strong  nut  for  a  bolt,  1 J  inch  thick,  to 
go  iJiroug^Ii  b,  and  connect  the  two  sides  together. 

After  the  arms  were  trained  and  fixed  right  npon  the  gud- 

«rfoii«,   the  innermost  ring  was  completed ;  tlie  tenons  were 

'  nn  the  arms  first,  and  the  rings  4^  inches  thick  and 

i!?rp,  put  on  by  keys  driven  into  the  mortice.     The 

rcj'  iionn  were  then  reduced  from  1  i  to  1  inch  thick,  and 

tliu  : -    >.st  ring,  only  3  inches  thick  by  6  inches  deep,  was 

firmly  wetlged  thereon,  and  hound  fast  at  Uie  other  ends  by  three 
ig  wooden  pins,  as  at  C  C ;  to  the  lower  ring,  the  outside 
the  uppermost  and  undcrinofit  rings  are  fiubh,  all  the  addi* 
tiocud  thickness  of  the  lower  ring  projecting  inside  the  buckets. 
Jvnnc  difficulty  was  found  in  laying  the  \<^atcr  properly 
into  the  buckets  of  this  wheel,  owing  to  the  narrowness  of 
mimths  of  ihe  buckets,  by  the  high  btart  or  raiser,  which 
remedied  by  adopting  the  following  plan, 
tlic  oocniiigrt  in  the  bottom  of  tlic  troughing  should  be  of 
and  no  distiuit  from  each  other  that  the  water  from 
them  iis  thmwn  into  two  separate  buckets.  The  iron  curved 
pwtij  shouhi  also  be  movable,  to  adjust  tlie  openings  to  the 
ifuantity  of  water  necessary  for  the  wheel.  Unless  the  head 
water  is  12  or  14  inches  above  these  openings,  it  will  be 
ult  to  give  it  the  proper  direction  into  the  buckets, 
tally  if  the  openings  are  pretty  wide  for  them;  for  then  it 
:es  the  more  down  fnjm  the  line  of  direction,  ajid  tends 
toretsird  the  wheel,  by  striking  on  the  outside  of  the  bucket. 
The  openings  from  which  tlie  buckets  are  filled,  ought  to 
at  10  inches  less  in  length  than  the  buckets,  i.  e.  five  inches  at 
each  side,  otherwise  the  water  is  apt  to  jerk  over  on  each 
slile  of  tlie  wheel,  as  the  edges  of  the  bucket  pass  by. 

The  mode  of  making  and  finishing  the  wheel  at  Cartsidc 
requires  vet)'  little  workmanship,  compared  to  the  usual 
method;  ancl  any  good  joiner  will  do  it  as  well  as  a  mill- 
vrieht.  The  jniiK-r  fini&hed  Cartsidc  wheel  in  six  or  seven 
werkf.  Th^;  cunHtruction  wUl  be  better  understood  from  the 
folkm  ing  rcfen*nce  to  t!ic  figures. 

Pig.  9b  rqircftcnts  three  distinct  transverse  views.  The  part 
marked  A  Bupposes  a  part  of  tlie  shrouding  in  section,  shomng 
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the  pins ;  Uie  part  marked  B  is  a  section  of  the  vvhtel  tkroi 
any  part  of  the  buckets,  and  showing  three  of  the  ties,  1,2, 
in  section.  Part  D  shows  the  manner  in  which  the 
endfi  of  the  wheel  are  finished^  also  the  gudgeons,  fiamicl 

Fig.  96  is  a  longitudinal  section  of  the  wheel  tl  r 
the  arms,  showing  the  projection  of  the  shroudiii;, 
in  which  the  arms  of  the  wheel  are  connected  together, 
wibe  the  manner  in  which  the  ties  are  connected  to  the  i 

CHAIN   OF   BUCKETS. 

This  is  applicable  in  many  situations  where  there  w 
considerable  ftJl  of  u-ater.  This  sketch  was  taken  f-  -:-  t  ■ 
u\  Scotland  used  to  give  motion  to  a  thmshing  • 
fig.  117  is  so  obvious  as  to  need  little  explanation.  1 
buckets  1 ,  J>j  G,  H,  &c.  must  be  connected  by  §ev( 
cliaittii  to  avoid  the  danger  of  breaking,  and  1:  \\ 

rndlcjjs  chain,  which  is  extended  over  two  win 
the  upper  (itie  being  the  axis  which  is  to  communicate  mofij 
to  the  mtll-iiiork;  E  is  the  spout  to  supply  the  water.     T* 
principal  advantage  of  this  plan  is,  that  no  water  is  lost 
rauning  out  of  the  buckets  before  they  arrive  at  the  \owi 
part,  UA  is  the  case  with  the  wheel.     Another  is,  that 
buckets  being  suspended  over  the  wheel  A  of  small  dial 
it  uuiy  be  made  to  revolve  more  quickly  than  a  w 
hirge  diameter,  and  without  increasing  the  velocity  ol 
descending  buckets  beyond  what  is  proper  for  them.     T 
»uvcs  wiiecl-work  when  the  machine  is  to  be  employed,  lus 
a  thrasshing  machine,  to  produce  a  rapid  motion.     On 
other  hand,  the  friction  of  the  chain  in  folding  over  the  wh< 
at  the  top,  and  seizing  its  cogs,  will  be  \^ery  considerab] 
these  cogs  must  enter  the  spaces  ui  the  open  links  belwei 
the  buckets,  to  prevent  the  chain  slipping  upon  tlie 
wheel.     We  think  this  machine  might  be  much  improi 
contriving  It  so  that  the  chain  would  pass  throi 
of  gravity  of  each  bucket,  whereas  in  the  pre 
weight  of  each  bucket  tends  to  give  the  chain  an  extra  bei 

1  he  chain-ptimp  retrerxed^  has  been  proposed  as  a  subt^tJli 
for  11  w»tcr- wheel  when  the  fall  is  very  great,  and  wc 
it  would  answer  the  purpose  with  some  chance  of  succe^ 
It  would  liave  an  advantage  over  the  chain-pump  when  ei 
ttloyed   fur   rmising  water,   in   the  facility   of         '  ' 
leatluTs  to  the  pistons  on  tlie  chain,  in  the  same 
'  uhicli  k-athers   expand  themselves  to  the  Uksuie 

ill,  utid  iuv  kept  perfuttly  tight  by  rhr  pressure 
U*^   waU'T.     In   the   chtun>pump   tiqch   leathers   cautioi 


AND  MACHINIST. 

because  the  edges  of  the  leather  cups  would  turti 
iewn  atul  stop  the  mutioii,  when  the  cups  were  drawn 
Hpirmrds  into  the  barreh  It  is  the  defectire  mode  of  leather- 
^  kg  the  pistons  of  the  chain>pump  which  occasions  its  great 
tfrictiott.  In  the  motion  of  a  machine  of  this  kind,  the  pistons 
[Vould  descend  into  the  barrel,  and  might  therefore  be  It  a- 
•red  with  cups  like  other  pumps,  so  as  to  be  quite  tight 
rvithout  immoderate  friction.  This  machine  was  proposed 
ty  a  Mr.  Cooper  in  17B4,  who  obtained  a  patent  for  it,  and 
>r.  Ho  bison  has  agaui  proposed  it  with  recommendation. 

BREAST-WUKBLS. 

Thr  bre^ist- wheel  partakes  of  the  nature  both  of  an  over- 
arid  an  undershot;  it  is  driven  partly  by  impulse,  but 
by  the   weight   of  water.     The   lower  part  of  the 
wlieel  i2$  surrounded  by  a  curved  wall  or  sweep  of  masonry, 
vldch  is   roaile  concentric   with  the  wheel,   and  the  float- 
bcttrdft  of  the  wheel  are  exactly  adapted  to  the  masonry, 
so  as  to  pass  as  near  as  possible  thereto  without  touching  it; 
ai»d  the  side  walls  are  in  like  manner  adapted  to  the  end  of 
Uie  float -boards  or  sides  of  the  wheel,  the  intention  being 
la  let  the  least  possible  quantity  of  water  pass  without  causing 
ll»r  float-boards  to  move  before  it.     In  fig.  98,  the  wuter  is 
poun-d  uixjn  the  top  of  the  wheel  over  the  breasting  at  I, 
tbe  r^lflux  from  the  mill-dam  K  being  regulated  by  the  sluice 
or  shuttle  M,  which  is  placed  in  the  direction  of  a  tangent  to 
the  wheel,  and  is  provided  with  the  rack  R,  and  pinion  P,  by 
which  it  can  be  drawn  up  so  as  to  make  any  required  degree 
id  opening,  and  admit  more  or  less  water  to  flow  on  the  wheel, 
Ine  water  first  strikes  on  the  float,  and  urges  it  by  its 
hopolse ;  but  when  the  floats  descend  into  the  sweep,  they 
Ibnn  as  it  were  dose  buckets,  each  of  which  will  contain  a 
f^ttn  c|iiaotity  of  water,  and  the  water  cannot  escape  from 
thc^e  buckets  except  the  wheel  moves,  at  least  this  is  the 
satetitif>tt,  and  the  wheel  is  fitted  as  close  as  it  can  be  to  the 
ncc  with  that  view.     Each  of  the  portions  of  water  contained 
in  Lliese  spaces  bears  partly  upon  the  wall  of  the  sweep,  and 
partly  upon  the  floats  of  the  wheel  j  and  its  pressure  upoa 
tl»c  floats,  if  not  exceeded  by  the  resistance,  will  cause  the 
wKivl  til  move;   hence  the  action  upon  all  tlie  floats  which 
«r  the  sweep  of  the  breasting  is  by  the  weight  of  tlie 

^  J  but  the  water  is  made  to  impinge  upon  the  fir«t 

f'  with   some   velocity,  because  the  surface  of  the 

^.  le  <kmi  K  is  raised  considerably  above  the  orifice 

Urncath  the  shuttle  where  the  water  issues. 
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The  upper  part  of  the  fall  at  I  is  rounded  off  to  a 
of  a  circle^  called  the  crown  of  the  &11,  and  the  water 
over  it.  The  lower  edge  of  the  shuttle  when  put  doiwn 
made  to  fit  this  curve^  so  as  to  make  a  tight  joint;  and 
consequence^  when  the  shuttle  is  drawn  up^  the  water  m 
run  hetween  its  lower  edge  and  the  crown  in  a  sheet  of 
stream  which  strikes  upon  the  first  fioat  that  presents  itself 
nearly  in  a  direction  perpendicular  to  the  plane  of  the  floit- 
board,  or  of  a  tangent  to  the  wheel.  The  fioat-boards  of  die 
wheel  are  directed  to  the  centre,  but  there  are  other  boardi 
placed  obliquely  whicli  extend  from  one  float-board  to  the 
rim  of  the  wheel,  and  nearly  fill  the  space  between  one  float* 
board  and  the  next.  These  are  called  rising-boards,  and  the 
use  of  them  is  to  prevent  the  water  flo^ving  over  the  float* 
boardjnto  the  interior  of  the  wheel ;  but  the  edges  of  thesa 
boards  are  not  continued  so  far  as  to  join  to  the  back  of  the 
next  float,  because  that  would  make  all  the  boards  of  tho 
wheel  close,  and  prevent  the  free  escape  of  the  air  when  the 
water  entered  into  the  space  between  the  floats. 

As  the  water  strikes  with  some  force,  the  rising-boards  are 
very  necessary  to  prevent  the  water  from  dashing  over  the 
float-boards  into  the  interior  of  the  wheel. 

This  is  the  form  of  breast- wheel  employed  by  Mr.  Smeaton 
in  the  great  number  of  mills  which  he  constructed ;  but 
although  he  speaks  of  the  impulse  of  the  water  striking  the 
wheel,  he  always  endeavoiu-ed  to  make  the  top  of  the  breaat* 
ing,  or  crown  of  the  fall,  as  high  as  possible ;  so  as  to  attain 
the  greatest  fall  and  the  least  of  the  impulsive  action.  All 
rivers  and  streams  of  water  are  subject  to  variation  in  hei^ 
from  floods  or  dry  seasons,  and  in  some  this  is  very  consider- 
able :  it  was  therefore  necessary  to  make  the  crown  I  d  the 
fall,  at  such  a  height  as  that,  in  the  lowest  state  of  the  water 
R,  it  would  run  over  the  crown  in  a  sheet  of  three  or  faag 
inches  in  thickness,  and  work  the  wheel.  When  the  water 
rose  higher  in  the  mill-dam,  it  would  then  have  a  pressure  to 
force  it  through,  and  in  that  case  would  strike  the  wheel  m 
as  to  impel  it  by  the  velocity, 

Mr.  Smeaton  was  well  aware  that  the  power  communicated 
by  this  iuipulsc  was  very  small.  In  some  cases,  where  the 
water  wjis  ver}'  subject  to  variation,  he  used  a  false  or  mov* 
able  crown,  that  is,  a  piece  of  wood  which  fitted  to  the  crown 
I,  iuid  raised  the  surface  thereof  a  foot  or  more,  so  as  to  obtain 
the  greatest  full  when  the  water  stood  at  a  mean  height;  but 
wh'.^n  the  water  sunk  too  low  to  run  over  this  movable 
v'xown^  it  could  be  drawn  up  to  admit  the  water  beneatb  it, 
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Thi*  effect  has  since  been  prodwccd  in  a  more  perfect  manner 
bf  amking  tlie  croivn  of  the  fall  a  movable  shuttle,  to  rise  and 
611  accsording  to  the  height  of  the  water  in  the  miJl-dam,  by 
witich  means  the  inconvenience  before-mentioned  ia  avoided. 

IUPJlOV£B  BRBAST-WHKEL,  IN  WHICH  THK  WATER  RUNS  OV£R 

THE  SHUTTLE. 

Fio.llOis  a  section  of  one  of  this  kind.  A  is  the  water 
vhich  is  made  to  flow  upon  tlie  float-board  B,  and  urges 
the  wheel  by  its  weight  only,  the  water  being  prevented 
tram  escaping  fir  flo^Wng  off  the  float-boards  by  the  breast 
or  sweep  D  D,  and  the  side- walls  which  enclose  the  flouts 
of  the  wheel.  The  upper  part  of  the  breast  D  D  is  made 
by  a  cast-iron  plate,  curved  to  the  proper  sweep  to  line  with 
the  stone-work.  On  the  back  of  the  cast-iron  plate  the 
moviDg  abuttle  c  is  applied ;  it  fits  close  to  the  cast-iron  so  as 
1o  pfeirezit  the  water  from  leaking  between  them,  and  the 
water  nms  over  its  iipper  edge.  F  is  an  iron  groove  or 
di:iuitiel  let  into  the  musonry  of  the  side-walls,  and  in  these^ 
the  ends  of  the  sliding  shuttle  are  received; /is  an  iron  rack, 
rwhli '  '  >lied  at  the  back  of  the  shuttle,  and  ascends  above 
[ihc  <*  where  the  pinion  g  is  applied  to  it  to  raise  or 

;  I  little.     The  axis  of  the  pinion  is  supported  in  a 
\Mi  id  1 !,  h  H  is  a  toothed  sector  and  balance-weight, 

vbich  be*irs  the  shuttle  upwards,  or  it  might  otherwise  fall 
4ovn\  hy  its  own  weight,  and  put  the  mill  in  motion  when 
fio'.  I.     G  is  a  strong  planking,  which  is  fbced  across 

iUt;, .v..  ..-;  two  side-walls,  and  retains  the  water  when  it 
Trry  high,  as  in  time  of  floods ;  but  in  common  times 
[tbe  wiitcr  rises  only  a  few  inches  above  the  lower  edge  of  the 
Ipliaktog.  When  the  shuttle  i»  drawn  up  to  touch  this  lower 
ifae  water  cannot  escape;  but  when  the  shuttle  is 
d  down,  it  opens  a  space  e  through  which  the  water 
IHows  upon  the  float-boards  of  the  wheel. 

^ig.  Ill  is  a  section  of  the  most  improved  fortn  for  a 
>vgrbee],  taken  from  the  Royal  Armoury  Mills  at  Enfield 
t,  erected  by  Messrs.  Lloyd  and  OMel.  The  general 
ipUou  of  thia,  is  like  the  former,  but  it  is  constructed  in 
mminer,  and  unites  Htrcn^th  with  durability.  The 
of  masonry  is  surmounted  by  a  cast-iron  plate  A, 
2^  feet  high,  which  js  let  into  the  masonry  of  the  side- walls 
It  e&i'h  end.  and  the  lower  part  is  formed  with  a  flaJich,  by 
«hich  it  d  to  the  stone  breast  at  top.     This  plate  is 

mull    -  t  tlic  back  for  the  shuttle  B  to  lie  against, 

«iMi  u|i  and  down.    The  cuds  of  the  gate  arc  guided 
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by  iron  groove  pieces  or  channela  which  are  let 
Btoijc-work  of  the  side  walts^  aiid  being  made  w< 
they  fix  the  ends  of  the  cast-iron  breast  fast  in 
The  grooves  are  not  upright,  but  inclined  to  the  per|i 
so  much,  that  the  plane  of  the  gate  is  at  right  augJ 
rwdius  of  the  wheel  drawn  through  the  point  wliere  the 
falls  upon  the  wheel.     D  is  a  strong  plank  of  wood,  e: 
between  the  iron  grooves  just  over  the  shuttle.     \V!u 
shuttle  is  drawn  up  it  comes  in  contact  with  the  lower 
of  this  piece  of  wood,  and  stops  the  water;  but  the  piece  Dl 
fixed  at  such  a  height,  that  the  water  will  run  clear  bent 
it,  unless  its  surface  riset*  above  its  mean  height. 

The  float-boards  of  the  wheel  do  not  point  to  the  centre^ 
the  wheel,  but  aiT  so  much  inclined  thereto  that 
exactly  hori^tontal  at  the  point  where  the  water  U 
upon  thcni.     In  this  way,  the  gravity  of  the  water  has  its  fi 
ertect  upon  the  wheel,  and  the  boards  rise  up  out  of  the 
water  in  a  much  better  position,  than  if  tliey  pointed  to 
centre  of  the  wheel;   this  is  more  particularly  obs 
wheu  the  wheel  is  flooded  by  tail-water  penned  up 
lower  part  of  the  race,  so  that  it  cannot  run  freely  awm] 
the  wheel.     The  dimensions  of  this  wheel  are  as  fc 
diameter   18  feet  to  the  points  of  the  floats,  and    14 
wide;   the   float-boards  are  40  in  number,  each   IG  in( 
wide,  and  each  rising-board  11  inches  ivide.     The  whcd 
formed   of  four  cast-iron   circles  or  wheels,   each   14 
8  inches  diameter,  placed  at  erpial  distances  upon  the  ocwt 
axis,  which  is  14  feet  8  inches  long  between  the  net 
beiunngs,   and  9  inches  square;  the  bearing-necks 
inches  diameter*     The  wheel  is  calculated  to  make  four] 
lutions  per  minute,  which  gives  near  3^  feet  per  secol 
the  velocity  with  which  the  float-boards  move*     The  fall 
water  is  six  feet,  and  the  power  of  the  wheel,  when 
shuttle   is   drawn   down    one   foot  perpendicular,   equal 
28-liorsc  power. 

HKKAST-WHiiEJ.    WrrH    TWO    SHUTTLKS. 

Is  this  wheel  the  piece  of  wood  marked  D  in  the 
iigure,  is  fitted  into  the  groove  of  the  shuttle,  and  ij<  pnjvid^ 
with  rackh  and  pinions  to  slide  up  and  down,  indoj)endently 
I  he  lower  shuttle.     This  enables  the  lower  shuttle  to  ri«c 
fall,  according  to  tlie  height  of  the  water,  so  that  the  water  sill 
always  run  over  the  top  of  it,  in  the  proper  quantity  to  w< 
the  mill  with  its  rcquiri'd  velocity,  whilst  the  upper 'sluittle 
only  used  to  »ti»p  the  mill  by  shutting  it  down  ii[)(in 
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shuttle,  and  preveoting  tlie  water  from  running  over  it< 
ThiA  plan  is  used  when  the  mill  is  to  be  rcgululed  by  a 
Ifovemor,  or  machine  to  govern  its  velocity ;  in  that  case  the 
govemor  is  made  to  operate  upon  the  lower  shuttle,  and  will 
mse  it  up,  or  lower  it  down,  according  as  the  uiill  takers  too 
mtich  or  too  little  water,  and  this  regulates  the  supply  ;  but 
the  upper  shuttle  is  used  to  stop  the  mill,  and  by  this  means 
the  adijustment  of  the  lower  shuttle  is  not  destroyed,  but 
whco  set  to  work  again,  it  will  move  %nth  its  requireil 
rdodty.  Fig,  101  is  a  section  of  one  of  the  water-wheels 
■t  the  cotton-mllls  of  Messrs.  Strutt,  at  Belpcr,  in  Derby- 
•faire.  The  width  of  this  wheel  is  very  great,  and  to  render 
tbe  shuttles  A  B  tirm^  a  strong  grating  of  cast-iron  is 
fixed  on  the  top  of  the  breast  K,  and  the  shuttles  are 
applied  at  the  hack  of  the  grating  £,  so  as  to  slide  up  and 
dpwii  against  it,  the  strain  occasioned  by  the  pressure  of  the 
inUer  being  borne  by  the  grating.  The  lower  shuttle  is 
moved  by  noeans  of  long  screws,  a,  which  have  bevelled 
wlieels^  Iff  at  the  upper  ends,  to  turn  them,  by  a  conncLtio!i 
oC  wheel- work  with  the  wheel-work  of  the  mill.  The  u^jpL-r 
iihuttle.  A,  is  drawn  up  or  down  by  racks  and  pinions,  t\ 
which  are  turned  by  a  winch,  or  handle.  The  bars  of  the 
grating  E  are  placed  one  above  the  other,  like  shelves,  but 
•re  not  horiiontal ;  they  are  inclined,  so  that  the  upper  sur- 
hce$  of  all  the  bars  form  timgents  to  an  imaginary  circle  of 
third  the  diameter  of  the  wheel  described  round  the 
iTv  thereof.  These  bars  are  not  above  hidf  an  inch  thick, 
V\i]  ices  between  them  arc  2^  inches.     The  bars  are  oif 

a  Cm  .ble  breadth,  the  object  of  them  being  to  lead  the 

water,  ivith  a  proper  slope  from  the  top  of  the  lower  shiitlle 
B,  Ut  flow  upon  the  floats  of  the  wheel.  This  disposition 
allows  the  shuttles  to  be  placed  at  such  a  distance  from  the 
wheel  a«  to  admit  very  strong  upright  bars  of  cast-iron  to 
be  placed  betwetn  the  wheel  and  the  shuttles,  for  the  sliultles 
to  bear  against,  and  prevent  them  from  betiding  towards  the 
vfacd,  as  the  great  weight  of  water  would  otherwise  occasion 
them  to  do.  These  upright  bars  are  ver^^  firmly  fixt-d  to 
Uie  stone- work  of  the  breast  at  their  lower  ends^  anil  the 
upper  Old*  are  fastened  to  a  large  timber,  D,  which  is  sup- 
ported at  its  ends  in  the  side  walls^  and  has  a  truss-framing 
applied  to  the  back  of  it,  like  the  framing  of  n  rtMjf,  to  prevent 
it  from  bending  towards  the  wheel.  The  upright  ban  me 
placed  at  distances  of  five  feet  asunder,  so  as  to  support  thi* 
nhnttles  in  two  places  in  the  middle  of  their  length,  as  well 
aaatbolh  endi<  j  and  large  rollerii  are  applied  in  the  bhiittlc, 
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where  it  bears  against  these  bars,  to  diminish  the  friction, 
which  would  otherwise  be  very  great. 

These  precautions  will  not  appear  unnecessary  when  the 
size  of  the  work  is  known.  The  wheel  is  21i  feet  in  dia- 
meter, and  15  feet  broad;  the  fall  of  water  is  14  feet,  when 
it  is  at  a  mean  height ;  the  upper  shuttle  is  2^  feet  high,  and 
15  feet  long;  the  lower  shuttle  is  five  feet  high,  and  the  same 
length,  so  that  it  contains  75  square  feet  of  surface  exposed 
to  the  pressure  of  the  water;  now  taking  the  centre  of 
pressure  at  two-thirds  of  the  depth,  or  84-  feet,  we  find 
the  pressure  equal  to  that  depth  of  water  acting  on  the  whole 
surface;  that  is,  the  weight  of  3^^  cubic  feet  of  water  =  208 
pounds,  bears  on  every  square  foot  of  surface,  which  is  equal 
to  15,600  pounds,  or  near  seven  tons,  on  the  lower  shuttle 
only;  but  if  we  take  the  two  shuttles  together,  the  surface  is 
112  square  feet,  and  the  mean  pressure  312  pounds  upon 
each,  or  16  tons  in  the  whole.  The  wheel  has  40  float- 
boards  pointing  to  the  centre.  The  wheel  is  made  of  cast-iron. 
There  are  two  wheels  of  the  dimensions  above  stated,  which 
are  placed  in  a  line  with  each  other,  and  are  only  separated 
by  a  wall  which  supports  the  bearings;  for  they  work  toge- 
ther as  one  wheel,  and  the  separation  is  only  to  obviate  the 
difficulty  of  making  one  wheel  of  such  great  breadth  as  30  feet, 
though  this  is  not  impossible,  for  there  is  a  wheel  in  the  same 
works  40  feet  in  breadth,  but  it  is  of  wood  and  not  iron,  and 
is  framed  in  a  particular  manner. — ^Dr.  Rees's  Cychpcedia. 

DR.   barker's   mill. 

Dr.  Dbsaguliers  appears  to  have  been  the  first  who  pub- 
lished an  account  of  this  machine.  He  ascribes  the  invention 
to  Dr.  Barker,  in  the  following  words  :  "Sir  George  Savill  says, 
he  had  a  mill  in  Lincolnshire  to  grind  com,  which  took  up  so 
much  water  to  work  it,  that  it  sunk  his  ponds  visibly,  for 
which  reason  he  could  not  have  constant  work ;  but  now,  by 
Dr.  Barker's  improvement,  the  waste  water  only  from  Sir 
George's  ponds  keeps  it  constantly  to  work." 

Dr.  Barker's  mill  is  shown  in  fig.  102,  where  CD  is  a 
vertical  axis,  moving  on  a  pivot  at  D,  and  carrying  the  upper 
millstone  niy  after  passing  through  an  opening  m  the  fixed 
millstone  C.  Upon  this  axis  is  fixed  a  vertical  tube  T  T, 
communicating  with  a  horizontal  tube  A  B,  at  tlie  extremities 
of  which,  A,  S,  are  two  apertures  in  opposite  directions. 
When  vtrater  from  the  millcourse  M  N  is  introduced  into  the 
tube  TT,  it  flows  out  of  the  apertures  A,  B,  and,  by  the 
reaction  or  counterpressure  of  the  issuing  water,  the  arm  AB, 


consequcDtly  the  whole  machine,  is  put  in  motion, 
bridgetree  a  h  is  elevated  or  depressed  by  turning  the 
nvX  €  at  the  end  of  the  lever  c  b.  In  order  to  understand 
how  this  motion  \%  produced,  let  us  suppose  both  the  aper- 
lurrs  fihul,  and  tlie  tube  T  T  filled  with  water  up  to  T,  The 
■pcrtiires  A,  B,  which  arc  shut  up,  will  be  pressed  outwards 
by  a  force  equal  to  the  weight  of  a  column  of  water  whose 
height  b  TT,  and  whose  area  is  the  area  of  the  apertures. 
lirery  part  of  the  tube  A  B  sustains  a  similar  pressure  ;  but 
M  these  pressures  arc  balanced  by  equal  and  opposite 
pressures,  the  arm  A  B  is  at  rest.  By  opening  the  aperture 
8t  A,  however,  the  pressure  at  that  place  is  removed,  and 
eoiiscquently  the  arm  is  carried  round  by  a  pressure  equal  to 
that  of  a  column  T  T,  acting  upon  an  area  e<jual  to  that  of 
the  aperture  A.  The  same  thing  happens  on  the  arm  T  B ; 
aikd  these  two  pressures  drive  the  arm  AB  round  in  the 
mne  direction.  This  machine  may  evidently  be  applied  to 
drive  any  kind  of  machinery,  by  fixing  a  wheel  upon  the 
▼fvtical  axis  C  D, 

In  Ifae  preceding  form  of  Barker's  mill,  the  lengtli  of  the 
ftxiB  C  D  must  always  exceed  the  height  of  the  fall  N  D, 
aad  therefore  when  the  fall  is  very  high,  the  difficulty  of 
erecting  such  a  machine  would  be  great*  In  order  to  remove 
thia  difficulty,  M.  Mathon  de  la  Cour  proposes  to  introduce 
the  water  from  the  millcourse  into  the  horizontal  arms  A,  B, 
irhich  arc  fixed  to  an  upright  t^pindle  C  T,  but  without  ;my 
tube  TT.  The  water  will  obviously  issue  from  the  apertures 
A,  B,  ia  the  same  mamier  as  if  it  had  been  introduced  at  the 
top  of  a  tube  TT  as  high  as  the  fall.  Hence  the  spindic 
CD  may  be  made  as  short  as  we  please.  The  prucUcal 
dilftctilty  which  attends  this  form  of  the  machine,  is  to  give 
tbe  anus  A,  B,  a  motion  round  the  mouth  of  the  feeding  pipe, 
wltkrh  enters  the  arm  at  D,  without  any  great  fnction,  or 
any  considerable  loss  of  water.  This  form  of  the  mill  is 
iil»own  in  fig.  103,  where  F  is  the  reservoir,  K  the  millstones, 
K  D  the  vertical  axis,  F  £  C  the  feeding  pipe,  the  mouth  of 
which  enters  the  horizontal  arm  at  C.  In  a  machine  of  this 
kind  which  M.  Mathon  de  la  Cour  saw  at  Bourg  Argental, 
A  B  wan  92  inches,  and  its  diameter  three  inches  ;  the  dia- 
meter of  each  orifice  was  14  inch,  FG  was  21  feet;  tHe 
intrmnl  dirmictcr  of  D  wiw  t^o  inches,  and  it  was  fitted  into 
C  1  ng.     This  machine  made  115  turns  in  a  minute 

irli  .1   unloaded,  and  emitted  water  by  one  hole  only. 

t',  when  empty,  weighed  8<1  pounds,  and  it  ^^-aa 
j^jMitcd  by  the  upward  pressure  of  the  water. 
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Tide  improvement^  which  was  first  given  by  M.  Mutlion 
la  Cour,  in  the  JounMl  de  Physique^  177^i  appeared  t^ 
years  afterwards  in  the  American  Phiiosophiad  TVattJiacl 
aa  the  invention  of  a  Mr.  Ramsey;  and  Mr.  Waring,  wh^ 
scrted  the  account,  contrary  to  every  other  philosopher, 
Uxe  effect  of  the  machine  only  equal  to  that  of  a  good 
shot  wheel,  moved  with  the  same  quantity  of  water 
lhrt)ugh  the  same  height* 

Dr.  Gregory,  m  his  Mechanics^  vol,  ii.  has  given 
paper  with  some  corrections,  and  recommends  it  aa  the  beiil 
tlieory.  The  following  rules,  deduced  from  his  calcitlo*,! 
may  be  of  use  to  those  who  wish  to  make  experiments  do] 
the  effect  of  this  interesting  machine* 

1 .  Make  each  arm  of  the  horizontal  rotatory  tnbe  or 
of  any  convenient  length,  from  the  centre  of  motion  to  ihi 
centre  of  the  apcrturesj   Imt  not  less  than  one-third   (i 
ninth,  according  tcj  Mr.  Gregory)  of  the  perpendicular 
of  the  water's  surface  above  their  centres* 

2.  Multiply  the  lengtli  of  the  arm  in  feet  by  .6136, 
take  the  square  root  of  the  product  for  the  proper  tir 
revolution  in  seconds,  and  adapt  the  other  parts  of  i 
chinery  to  tliis  velocity ;  or  if  the  required  time  of  a  revi 
he  given,  multiply  the  sfjuare  of  thia  time  by  1 .629 
proportional  length  of  the  arm  in  feet. 

3.  Multiply  together  the  breadth,  depth,  and  velocity 
second,  of  the  race,  and  divide  the  la»t    product  by   18** 
times  (14.27,  according  to  Mr.  Gregory)   the  square  root 
the  height,  for  the  area  of  either  aperture. 

4.  Multiply  the  area  of  either  aperture  by  tJje   Kcij^ 
the  fall  of  water,  and  the  product  by  4U  pounds  (55, 

|licc<»rding  to  Mr,  Gregor))   for  the  moving  force,  esti 
"at  the  centres  of  the  apertures  in  pounds  avoirdupois, 
ii.  The  power  and  velocity  at  the  aperture   may  be  m 

reduced  to  imy  part  of  the  machinery  by  the  simplest 

cliaiiical  rules. 


tlDB-MILLS. 

TiDK-MiLLs,  as  their  name  imports,  are  such  ai» 
for  their  first  mover  the  flowing  and  ebbing  tide,   citli 
the  sea  or  a  river. 

Mills  of  this  kind  have  not  often,  we  believe,  been  erccf/*d, 
m  England,  though  several  of  our  rivers,  jind  pur 
the  Thames,  tlie  Humbcr,  and  the  Severn,  in  which  i 
ribes  to  a  great  hciglit,  funiish  a  very  powerful    mover  ii 
drive  any  kind   of  Ufachinery,  and  would  allow  uf  tide-Dill' 
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being  very  advantageously  constnicted  upon  their  banks. 
Tht  erection  of  such  mills  is  not  to  be  recommended  uni- 
^-ersaliy,  nn  they  ;tre  attended  with  a  considerable  original 
rxpenBe ;  beside  thatj  some  of  their  parts  \v^U  rerjuire  frequent 
rrpairs :  but  in  some  places,  where  coal  is*  very  dear,  tliey 
nuiy,  on  the  whole,  be  found  less  expensive  than  steam- 
ctigines  to  perform  the  same  work,  and  may,  on  that  account, 
be  preferred  even  to  them. 

We  have  not  been  able  to  ascertain  who  was  the  first 
conlfi^'er  of  a  tide-miH  in  this  country,  nor  at  what  time  one 
WHS  first  erected.  The  French  have  not  been  so  negligent 
respecting  the  origin  of  this  important  invention,  as  to  let 
it  drop  into  obscurity ;  but  liave  UU<cn  care  to  inform  us 
that  such  mills  were  used  in  France  early  in  the  last  century. 
BeUdor  mentions  the  name  of  the  inventor,  at  the  same 
time  tliat  he  states  some  peculiar  advantages  of  this  species 
of  machine.  *'  L'on  en  attribue,"  says  he,  **  Li  prcnnerc 
iuveutiun  a  un  nomm^  Perse y  maltre  charpentier  de  Dun- 
krrquc,  que  m<5rite  assur^ment  beaucoup  dYlogc,  n*y  ajant 
poiikt  de  i^oire  plus  digne  d'un  bon  citoyen,  que  celle  de 
prodalrc  quelqu'invention  utile  a  la  socit't^.  En  eflet, 
combien  n'y  a-t'-il  point  de  choses  CHsentielles  a  la  vie,  dont 
CMi  ne  conuott  le  prix  que  quand  on  en  est  privt? :  les 
iDOtilinft  en  g^n^ral  Hont  dans  ce  cas-lA.  On  doit  syavoirbcni 
Ipr^  k  ceiix  qui  nous  ont  mis  en  t-tat  d'en  construirc  partout: 
^sa  cxemple,  a  Calais,  comnie  il  n'y  serpcnte  point  de 
riri^reB,  on  n'y  a  point  fait  jusqu'ici  de  moulins  a  eau,  et  ccux 
qtd  vont  par  le  vent  eh6mant  une  partie  de  TanniSc,  il  y  a  dea 
temii  oii  cfctle  villc  se  trouve  sans  farine,  et  j*ai  vu  la 
I  gamt»on  en  17*^0,  oblig<;  de  faire  venir  du  pain  de  Saint-Omer, 
B  ma  lieu  qu'en  se  servant  du  flux  et  reflux  de  la  mcr,  on  pour- 
^utit  construire  autant  de  moulins  a  eau  que  Ton  voudroit ;  il 
^Hb  d'mitres  villed  dans  le  voisinage  de  la  mer  sujeltes  au 
^^Bnie  inconvenient,  parcequ'apparemmcnt  elles  ignorent  le 
moven  d'y  rero^dier. 

Mills  to  be  worked  by  the  rising  and  falling  of  the  tide, 
Mimit  of  great  variety  in  the  essential  parts  of  their  con- 
•tractioD ;  but  tliis  variety  may  perhaps  be  reduced  to  fcmr 
general  head?,  according  to  the  manner  of  action  of  the 
WKtcr-whecL  I .  The  water-wheel  may  turn  one  way  wlicn 
the  tide  ri»cs,  and  the  contrary  when  it  falls.  2.  The  water- 
wiied  may  be  made  to  turn  always  in  one  direction. 
3,  The  water-wheel  may  fall  and  rise  as  the  tide  ebbs  aiid 
flanrt.  4.  llic  axle  of  the  water-wheel  may  be  so  fixed  an 
I    that  it  Kliall  neither  rise  nor  fall,  though  the  rotatory  motion 
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shall  be  giTen  to  the  wheel,  while  at  one  time  it  is 
partly,  at  another  completely,  immersed  in  the  fluid.    In 
mills  we  have  examined,  aays  Dr.  Gregory,  the  first  and  third  < 
these  divisions  have  been  usually  exemplified  in  one  machiae| 
and  the  second  and  fourth  may  readily  be  united  in  another}] 
we  shall,  tlierefore,  speak  of  them  under  two  divisions  on  y. 

1.  When  the  water-wheel  rises  and  falls,  and  turns  on 
way  with  the  rising  tide,  and  the  contrary  when  it  ebbs,  hi 
order  to  explain  the  nature  of  this  species  of  tide-mills,  we  | 
shall  describe  one  which  has  lately  been  erected  on  the 
right  bank  of  the  Thames,  at  East- Greenwich,  imder  the 
direction  of  Mr.  John  Lloyd,  an  ingenious  engineer  of 
Brewer*s-green,  Westminster. 

This  mill  is  intended  to  grind  com,  and  works  eight  put 
of  stones.  The  side  of  the  mill-house  parallel  to  the  course 
of  the  river,  measures  40  feet  within ;  and  as  the  whole  of  thie 
may  be  opened  to  the  river  by  sluice-gates,  which  are  carried 
down  to  the  low  water-mark  in  the  river,  there  is  a  40  feet 
waterway  to  the  mill :  through  the  waterway  the  water 
presses  during  the  rising  tide  into  a  large  reservoir,  whidi 
occupies  about  four  acres  of  land ;  and  beyond  this  reservoir 
is  a  smaller  one,  in  which  water  is  kept,  for  the  purpose  of 
being  let  out  occasionally  at  low  water  to  cleanse  the  whole 
works  from  mud  and  sediment,  which  would  otherwise^  in 
time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  parallel  to  the 
side  of  the  river,  that  is,  parallel  to  tlic  sluice-gates  whidi 
admit  water  from  the  river ;  the  length  of  this  wheel  is  26 
feet,  its  diameter  11  feet,  and  its  nmnber  of  float-boards  32. 
These  boards  do  not  each  nm  on  in  one  plane  from  one  enid 
of  the  wheel  to  the  other,  but  the  whole  length  of  the  wheel  is 
divided  into  four  equal  portions,  and  the  parts  of  the  float-boards^ 
belonging  to  each  of  these  portions,  fall  i^adually  one  lower  than 
another,  each  by  one-fourth  of  the  distance  from  one  board 
to  another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance,  which  will  be  better  understood  by  refer- 
ring to  fig.  104,  is  intended  to  equidize  the  action  of  water 
upon  the  wheel,  and  prevent  its  moving  by  jerks.  The  wheel, 
with  its  incumbent  apparatus,  weighs  {ibout  20  tons,  the  whole 
of  which  is  raised  by  the  impulse  of  the  flowing  tide,  when 
admitted  through  the  sluice -gates.  It  is  placed  in  the  middle 
of  the  waterway,  leaving  a  passage  on  each  side  of  about  six 
feet,  for  the  water  to  flow  into  the  reservoir,  besides  that  which^ 
in  its  motion,  turns  the  wheel  round.  Soon  after  the  tide  has 
risen  to  the  highest,  (which  at  this  mill  is  often  20  feet  above 
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the  low  water- mark,)  the  water  is  permitted  to  run  back 

$pin  firom  the  reservoir  into  the  river,  and  by  this  means  it 

pves  a  rotatory  motion  to  the  water-wheel,  in  u,  contrary 

mrectioD  to  that  with  which  it  moved  when  impelled  by  the 

iking  tide  :  the  contrivance  by  which  the  wheel  is  raised  and 

dq>ressed,  and  that  by  wliich  the  whole  interior  motions  of 

the  miU  are  preserved  in  the  same  direction,  although  that  in 

irhicb  the  water-wheel  moves  is  changed,  are  so  truly  inge- 

nknu  as  to  deserve    a   distinct   description,   illustrated   by 

diagrams.      Let,  then,  A  B  (fig  105)    be  a   section  of  the 

water-wheel,  Ij  2,  3,  4,  5,  &c.  its  floats  ;  C  D  the  first  cog- 

irheel  upon  the  same  axis  as  the  water-wheel  j  the  vertical 

ihaft  F  £  carries  the  two  equnl  walbwer-whcels  E  and  F, 

which  arc  so  situated  on  the  shaft  that  one  or  other  of  theia 

may,  as  oecasion  requires,  be  brought  to  he  driven  l)y  the 

fir?t  wheel  C  D  j  and  thus  the  first  wheel  acting  upon  F  and 

~  4t  points  diametrically  opposite,  will,  although  its  own 

is  reversed,  communicate  the  rotatory  motion  to  tJie 

ical  shaft  always  in   the  same   direction.     In  the  figure 

the  wheel  E  is  fhown  in  geer,  while   F  is  clear  of  the  cog- 

D;  and  at  the  turn  of  the  tide  the  wheel  F  is  let 

,  and  E  is  thrown  out ;  this  is  effected  by  the  lever 

e  fulcrum  is  at  H,  the  other  end  being  suspended  l)y 

the  mck  K,  which  has  hold  of  the  pinion  L  on  the  same  axle 

as  the  wheel  M  ;  into  this  wheel  plays  the  pinion  N,  the 

ninch  O,  on  the  other  end  of  whose  axle,  frnmishes  suflScient 

odraiitage  to  enable  a  man  to  elevate  or  depress  the  wallower- 

wbcels,  us  required, 

Tlie  centre  of  the  lever  may  be  shown  more  clearly  by 
where  n  />  is  a  section  of  the  lever,  which  is  corn- 
two  strong  bars  of  iron,  as  a  Z> ;  there  are  two  steel 
tftsr!  s  which  work  in  the  grooves  of  the  grooved  wl^eel 

I,  If  I  being  fixed  on   the  four  rods  surrounding  the 

nhal't,  of  which  three  only  can  be  sbown  in  the  figures,  as 
cde;  Ute  ends  of  these  are  screwed  fast  by  bolts  to  the 
iockcl<  of  the  waliower- wheels,  and  they  are  nicely  fitted 

Ion  Ibe  vertical  shaft,  so  as  to  slide  with  little  friction  ;  thus 
Ihie  Wttllowers  may  be  raised  or  lowered  upon  the  upright 
alisft,  while  the  gudgeon,  on  which  it  turns,  retains  the  same 
{KMtition, 
When  the  top  waliower  is  in  geer,  it  rests  on  a  shoulder 
that  prevent*  it  from  going  too  far  down  j  and  when  the 
bottom  one  is  in  geer,  there  is  a  bolt  that  goes  through  tlie 
lop  wheel  socket  and  shaft  which  takes  the  weight  from  the 
lever  G,  ftt  the  same  time  that  it  prevents  much  friction  on 
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the  Btuuis  or  pins  of  the  lever  which  worlw  in  the  grooved 
wheel  1. 

When  the  tule  ia  flowing,  after  the  mill  has  stopped  a  sitf- 
iicient  time  to  gain  a  moderate  head  of  water,  the  fluid  is 
liuffered  to  enter  and  fall  upon  the  wheel  at  the  sluice  Q, 
(fig.  105^)  and  the  tail  water  to  run  out  at  the  sluice  R. 

The  hydrostatic  pressure  of  the  head  of  water  acting  against 
the  bottom  of  the  wheel -frame  S,  and  at  the  aame  time  act- 
ing between  the  folding-gates  T  W,  which  are  thus  converted 
into  very  large  hydrostatic  bellows,  buoys  up  the  wheel  and 
frame,  (though  weighing,  as  before  observed,  nearly  20  tonsy) 
and  makes  them  gradually  to  rise  higher  and  higher,  so  that 
the  wheel  is  never,  aa  the  workmen  exprcFss  it,  drowned  in  the 
flowing  water ;  nor  can  the  water  escape  under  the  wheel- 
frame,  being  prevented  by  the  folding-gates,  which  pass  from 
one  end  to  the  other  of  the  wheel.  In  this  way  the  wheel 
and  frame  are  buoyed  up  by  a  head  of  four  feet ;  and  the 
works  with  a  head  of  5  or  5  J  feet. 

When  the  tide  h  ebbing,  and  the  water  from  the  reservoi 
running  back  again  into  the  river,  it  might,  perhaps,  be  ex 
pected  that  in  consequence  of  the  gradual  subsiding  of  the 
water,  the  water-wheel  should  as  gradually  lower  -,  but  lest 
any  of  the  water  confined  between  the  wheel-frame  at  S,  and 
'the  folding-gates  T  VV,  should  prevent  this,  there  are  strong 
rackworks  of  cast-iron,  by  which  the  wheel-frame  can  be 
either  suspended  at  juiy  altitude,  or  gradually  let  down  eo  as 
to  give  the  water  returning  from  the  reservoir  an  advantageous 
head  upon  the  wheel ;  then  the  sluice  R  is  shut,  and  V  opened 
as  well  as  X,  the  water  entering  at  X  to  act  upon  the  wheel, 
and  flowing  out  at  R»  The  upper  surface  of  the  wheel-frame 
is  quadrangular,  and  at  each  angle  is  a  strong  cast-iron  bar, 
whii'h  slides  up  and  down  in  a  proper  groove,  that  admits  of 
the  vertical  motion,  but  prevents  all  such  lateral  deviation 
as  might  he  occasioned  by  the  impulsion  of  the  stream. 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft, 
with  wallowera  and  a  first  cog-wheel,  as  F  E,  and  CD;  and      ' 
each  of  these  vertical  shafts  turns  a  large  horizontid  wheel  at  fl 
a  suitable  distance  above  the  wallowers,  while  each  horizontal  ™ 
wheel  drives  four  equal  pinions  placed  at  equal  or  quadrantal 
distances  on  its  periphery,  each   pinion    having  a  vertical 
spindle,  on  the  upper  part  of  which  the  upper  millstone  of 
its  respective  pair  is  fixed.     Other  wheels,  driven  by  one  or 
other  of  these   pinions,  giving    motion  to  the  bolting   and 
dressing    machines,  and  different  subordinate  parts  of  the 
mill. 
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AJthough  the  vertical  abaft  at  each  end  of  the  water-wheel 
risfs  and  falls  with  that  wheel,  yet  the  large  horizontal  wheel 
turning  with  such  shaft  does  not  likewise  rise  and  fall,  but 
remains  always  in  the  game  horizontal  plane,  and  in  contact 
with  the  four  pinions  it  drives.  The  contrivance  for  this 
purpose  is  very  simple,  but  very  efficacious ,  each  great 
horizontal  wheel  has  a  nave,  which  runs  upon  friction^rollers, 
and  has  a  square  aperture  passing  tlirough  it  vertically,  just 
huge  enough  to  allow  the  shaft  P  to  slide  freely  up  and  dtnvn  in 
ity  bat  not  to  turn  round  without  communicating  its  rotatory 
modoii  to  the  wheel ;  thus  the  weight  of  the  wlieel  causes  it 
to  press  upon  the  friction -rollers,  and  retain  the  same  hori- 
aontiJ  planes,  and  the  action  of  the  angles  of  the  vertical  shaft 
upon  the  corresponding  parts  of  the  square  orifice  in  the 
nave  causes  it  to  partake  of  the  rotatory  motion,  such  motion 
being  always  in  one  direction,  in  consequence  of  the  con- 
trirutce  by  which  one  or  other  of  the  wallowers  E  F  is 
baoochit  into  contact  with  the  opposite  pointa  of  the  first  cog- 

Screml  of  the  subordinate  parts  of  this  mill  are  admir- 
ably conAtructed  ;  but  we  can  only  notice  here  the  means  by 
which  the  direction  of  the  motion  in  the  dressing  and  bolt- 
tug  machines  may  be  varied  at  pleasure.  On  a  vertical 
afaall  are  fixed,  at  the  distance  of  about  15  or  18  inches,  two 
cog-wheels,  and  another  toothpd-wheel,  attached  to  a 
»ntai  pxle,  is  made  so  hh  to  be  movable  up  and  down  by 
»  screw,  and  thus  brought  into  contact  with  either  tlie 
impcT  or  lower  of  the  two  cog-wheels  on  the  vertical  ^haft ; 
tttuii,  it  is  manifest,  the  motion  is  reversed  with  great  faci^ 
Uiy  b>*  clmnging  the  position  of  tiic  horizontal  axle  so  that 
the  wheel  upon  it  may  be  driven  by  the  two  cog-wheels 
allrrDately.  A  wheel  and  pinion  working  at  the  other  end 
of  the  horizontal  axle  will  communicate  the  motion  to  the 
machines, 
^y.  Drj  den,  Mr.  Lloyd's  foreman,  employed  in  the 
of  this  mill,  suggests  that  a  nearly  similar  mode 
be  advantageously  adopted  in  working  dressing  ma- 
in wind-mills  ;  three  wheels,  all  of  different  diameters, 
be  employed,  two  of  them,  as  A  and  C,  turning  upon  a 
vertical  shaft,  and  the  third,  B,  upon  an  inclined  one.  In 
fig.  106,  the  wheels  A  and  B  are  shown  in  geer,  while  C  ia 
tint ;  and  if  A  be  struck  out  by  sonic  such  contrivance  as  is 
adopted  with  regard  to  the  first  cog-wheel  and  wallowers, 
(fig*  104  and  105,)  C  would  come  in  contact  with  B,  while  A 
would  be  free,  and  so  communicate  a  motion  to  B  the  reverse 
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way.  By  this  contrivance  it  wonld  be  easy^  when  the  winds 
are  strong  and  give  a  rapid  motion  to  the  vertic^  axle^  to 
bring  C  to  drive  B^  the  wheel  on  the  axle  of  the  dressing- 
machines;  and  on  the  contraiy^  when  the  wind  is  slack, 
and  the  consequent  motion  of  the  machinery  slow,  let  C  be 
thrown  but  of  geer>  and  the  wheel  B  driven  by  the  larger 
wheel  A,  as  shown  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well- 
constructed  mill,  a  contrivance,  recommended  and  pursued 
by  the  American  nill-wrights,  for  raising  the  ground  com  to 
the  cooling-boxes  or  beaches  from  which  it  is  to  be  con- 
veyed into  the  bolting-machine.  In  this  mill,  as  in  all  we 
have  seen,  the  corn  is  put  into  bags  at  the  troughs  below  the 
mill-stones,  and  thence  raised  to  the  top  of  the  mill-house  by 
a  rope  folding  upon  barrels  turned  by  some  of  the  interior 
machinery  of  the  mill.  In  the  American  method,  a  large 
screw  is  placed  horizontally  in  the  trough  which  receives 
the  flour  from  the  mill-stones.  The  thread  or  spiral  line  of 
the  screw  is  composed  of  pieces  of  wood  about  two  inches 
broad  and  three  long,  fixed  into  a  wooden  cylinder  seven  or 
eight  feet  in  length,  which  forms  the  axis  of  the  screw. 
When  the  screw  is  turned  round  this  axis,  it  forces  the  meal 
from  one  end  of  the  trough  to  the  other,  where  it  falls  into 
another  trough,  from  which  it  is  raised  to  the  top  of  the  mill- 
house  by  means  of  elevators,  a  piece  of  machinery  similar  to 
the  chain-pump.  These  elevators  consist  of  a  chain  of  buckets, 
or  concave  vessels,  like  large  tea-cups,  fixed  at  proper 
distances  upon  a  leathern  band,  which  goes  round  two  wheels, 
one  of  whicti  is  placed  at  the  top  of  the  mill-house,  and  the 
other  at  the  bottom,  in  the  meal- trough.  When  the  wheels 
are  put  in  motion,  the  band  revolves,  and  the  buckets,  dip- 
ping into  the  meal-trough,  convey  the  flour  to  the  upper  story, 
where  they  discharge  their  contents.  The  band  of  buckets 
is  enclosed  in  two  square  boxes,  in  order  to  keep  them  clean, 
and  preserve  them  from  uijury. 

We  shall  now  proceed, 

2.  To  tide-mills,  in  which  the  axle  of  the  water-wheel 
neither  rises  nor  falls,  and  in  which  that  wheel  is  made  always 
to  revolve  in  the  same  direction.  A  water-wheel  of  this  kind 
must,  manifestly,  at  the  time  of  high-tide,  be  almost,  if  not 
entirely,  immersed  in  the  fluid ;  and  to  construct  a  wheel  to 
work  under  such  circumstances  is,  obviously,  a  matter  which 
requires  no  small  skill  and  ingenuity. 

The  first  person  who  devised  a  wheel  which  might  be 
turned  by  the  tide,  when  completely  immersed  in  it,  were 
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Messrs.  Gosset  and  Be  la  DcuiLic.  Their  wheel  is  described 
hj  Belidor  in  nearly  the  following  terms.  Suppose  G  H 
(%.  107)  to  denote  the  surface  of  the  water  at  high-tide,  the 
Ibe  LM  the  surface  at  low- water,  and  that  the  current  fol- 
kwra  the  direction  of  the  arrow  N ;  the  problem  is  to  construct 
the  wheel  so  that  it  may  always  turn  upon  its  axis  IK. 
The  figure  just  referred  to  is  a  profile  of  an  assemblage  of 
carpentry,  which  must  be  repeated  several  times  along  the 
irix>r,  according  to  the  length  which  it  is  proposed  to  give  to 
ihe  float-boards ;  and  the  planks  or  plates  which  compose 
these  floats,  mu^t  be  hung  to  the  other  parts  of  the  frame  by 
is  many  joints  us  are  necessary,  to  enable  them  to  sustain 
the  impulse  of  the  water  without  bending.  The  sole  pecu- 
LiArity  of  this  wheel  consists  in  hanging  upon  the  transverse 
beams  in  the  frame-work,  by  hinges,  the  planks  which  are  to 
compose  the  float-boards ;  so  that  they  may  present  tliein- 
ie\v€&  in  face,  as  D,  D,  D,  when  they  are  at  the  bottom  of  the 
wheel,  to  receive  the  full  stroke  of  the  stream  ;  and,  on  the 
contrary,  they  present  only  their  edges,  as  A,  A,  A,  when 
they  «re  brought  towards  the  pnnnuit  of  the  wheel ;  hence, 
the  wat€r  having  a  far  greater  effect  upon  the  lower  than  the 
upper  parts  of  the  wheel,  compels  it  to  revolve  in  the  order 
of  the  letters;  instead  of  which,  if  the  float-boards  were 
fixed  ftH  in  the  usual  way,  the  impulse  of  the  fluid  upon  the 
wheel  would  be  nearly  the  same  in  all  its  parts,  and  it  would 
mr  rn^ble. 

\.  at  once,  that  the  boards  D,D,  D,  having  moved 

lowiuxis  M,  then  begin  to  float,  as  at  E,  E,  E,  and  more  still 
mt  F,  F,  F,  but  that  it  is  not  till  they  arrive  at  A,  A,  A,  that 
tbry  attAin  the  horizontal  position  ;  after  that,  having  arrived 
mi  B,  B,B,  they  begin  to  drop  towards  the  beanis  to  which 
they  arc  hooked,  and  as  soon  as  they  have  passed  the  level  of 
thti  mxle  1  K,  the  slrciun  conmiences  its  full  action  upon 
tLeui^  which  it  attains  completely  between  C,  C,  C,  and 
E,  E,  E,  7md  this,  whether  the  surface  of  the  water  be  at 
a  H  or  at  L  M  ;  for  even  in  the  latter  case  it  is  manifest  that 
the  float-Uoards  are  entirely  immersed  when  in  the  vertical 
pos^ftion  P  Q.  Belidor  says,  he  was  present  at  the  fust 
txijj  of  sttch  a  wheel  at  Paris,  and  that  it  was  attended  with 
■U  the  success  that  coutd  be  desired. 

A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
which  will  work  when  nearly  immersed  in  the  water  of  a 
flowing  tide*  Fig,  108  is  an  elevation  of  this  wheel,  its  upper 
part«  heiug  supposed  to  stand  a  foot  or  two  higher  than  the 
lidc  ever  ri*c9  ;  the  axis  of  this  wheel  remains  always  in  on« 
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place,  and  the  wheel  will  work  at  high-waler  when  th 
is  at  B,  and  the  tail-water  at  the  dotted  line  A ;  it  will  also 
perform  nearly  the  same  work  when  the  head  is  at  C,  and  the 
tail- water  level  with  the  bottom  of  the  wheel.  Tlie  floats 
are  all  set  at  one  and  the  same  angle,  with  the  respective 
radii  ut  the  wheel,  aa  may  be  seen  in  the  figure,  and  are  nia 
»o  atj  to  have  an  opening  of  at  least  an  inch  between  eacti^ 
float  and  the  di'um-boarding  of  the  wheel.  This  opening  is 
intended  to  preveut  the  wheel  from  being  impeded  by  the 
tail- water  j  for  as  the  bucket  rises  out  of  the  water,  there 
can  be  no  vacuum  formed  in  it,  there  being  a  full  supply  of 
air,  in  consequence  of  which  the  water  leaves  the  wheel  de 
libcrately.  The  case  is  different  with  regard  to  wheels  nia 
in  the  common  way ;  for  if  such  are  open  wheels,  the  floai 
are  made  in  such  a  manner  as  to  throw  the  tail-watci  if  th 
are  immersed  any  depth  in  it ;  or,  if  they  are  close,  the  whe 
wants  proper  vent  for  the  air  to  prevent  the  formation  of 
vacuum  in  the  rising  bucket,  or  what  is  called  by  the  mill 
*^  sucking  up  the  tail-water."  At  D  is  planking  made  cii 
cular  to  fit  the  wheel  pretty  close  for  rather  more  than  t 
t^pace  of  two  floatn,  so  as  to  confine  the  water  nearly  close 
the  wheel.  E,F,G,H,  are  sluices  which  are  all  connected 
together  by  the  iron  bar  I,  and  lifted  with  the  assistance  of 
the  wheel,  two  pinions,  and  a  winch,  the  first  pinion  working 
into  the  ruck  K  j  these  sluices  are  merely  for  stopping  the 
wheel  when  occasion  requires,  although  one  might  be  suffi- 
cient to  supply  the  wheel.  The  rings  of  this  wheel  may  be 
made  either  of  cast-iron  or  of  wood  ;  the  floats  may  be'iron 
plates  ri vetted  together.  The  flanchea  on  the  arms  of  the 
wheel,  exhibited  in  the  sketch,  are  intended  to  facilitate  the 
fixing  of  the  first  cog-wheels  ;  the  ring  of  the  wheel  may  be 
fixed  to  the  flanchea  at  the  extremity  of  the  arms,  and  the 
large  flancl:  made  fast  to  the  axle  will  receive  the  middle  part 
of  the  wheel. 

Fig.  109  is  a  plan  of  the  house  in  which  either  of  the  two 
latter  wheels  may  be  fixed,  showing  in  wliat  manner  the 
water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  A,  B,  C,  and  D,  When  the 
mill  is  working  from  the  river,  A  and  B  arc  open,  the  arrow« 
point  out  the  way  the  water  runs  from  the  river  to  the  basin  j 
and  the  dotted  lines  on  the  contrary  the  course  from  the  basin 
to  the  river,  when  A,  B,  are  shut,  and  C,  D,  opened.  These 
eates  are  made  to  turn  on  an  axle,  which  is  about  six  inches 
firom  the  middle  of  the  gate,  and  on  the  top  of  the  axle  is  a 
^alf- wheel }  by  some  crane-work  connected  to  it,  the  gate 
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OB  be  opened  or  tfhut  at  pleasure ;  when  n  head  of  vrater 
pfetsee  t^inst  the  gates  they  will  open  great  part  of  the 
way  of  tbcoiselves,  by  ouly  letting  the  catches  that  keep  them 
«hut  be  lifted  out  of  their  place.  X,  Y,  are  two  knees  of 
east-iron,  to  support  the  poets  that  the  gatea  are  fixed  to. 
The  walls  of  the  building  are  represented  at  */,  h^  c,  and  d. 

Tlie  reader  will  now  be  able  to  form  an  estimate  of  tlie 
comparative  value  and  ingenuity  of  the  two  kinds  of  tide- 
mtlJs  here  described.  The  simplicity  of  construction  of  the 
wheels  of  Gosuet,  De  la  Deuille,  and  Drydcn,  recommend 
tiMan  strongly ;  but  we  entertain  some  doubts  of  their  being 
eocnpletely  fiucce^sful  in  practice  :  had  the  curiouu  wheel, 
with  the  folding-gates,  &c.  fig.  104  and  106,  been  placed 
vith  its  axle  perpendicular,  instead  of  parallel,  to  the  course 
flf  tbe  riter,  the  water  might  then  have  always  been  admitted 
to  ftct  upon  the  same  side  of  it,  and  the  hydrostatic  pressure 
wotild  have  operated  as  completely  m  lowering  it  continually 
dartng  the  time  of  ebb,  as  in  raising  it  continually  during  Uje 
YiMitg  of  the  tide  ;  thus,  as  appears  to  uh,  would  the  labour 
[4if  a  man  be  saved,  who,  according  to  the  present  construe- 
itioO)  inust  attend  the  water-wheel;  and  all  the  additional 
lappimitus  now  requisite  to  shift  the  spur-wheels,  would  at 
the  tame  time  be  saved,  and  a  consequent  diminution  of 
iVwisial  expense.     Dr.  Gregory's  Mechamcs^  vol.  ii. 

In  selecting  a  site  for  the  erection  of  a  mill,  the  engineer 
mnit  be  careful  not  to  make  choice  of  a  spot  that  is  liable  to 
be  flcNxled.  When  the  water  in  the  mill-tail  vnil  not  run  off 
Imly,  but  stands  pent  up  in  the  wheel-race,  so  that  the 
wheel  mast  w^ork  or  row  in  it,  the  wheel  is  said  to  be  tailed, 
or  to  be  in  back-water  or  tail-water  ;  which  greatly  impedes 
the  velocity  of  the  wbeeL»  and,  if  the  flood  be  great,  com- 
^tdy  stops  it. 

Eveiy  mill  that  is  well  and  properly  constructed,  will  clear 
lUelfof  a  considerable  depth  of  tail-water,  provided  there  is, 
at  the  time,  an  increase  in  the  height  of  the  water  in  the 
ndll-dam  or  head,  and  an  unlimited  quantity  of  water  to  draw 
upon  the  wheel.  Common  breast-mills  will  bear  two  feet  of 
tail-water,  %rhen  there  is  an  increase  of  head,  and  plenty  of 
waiter  to  be  drawn  upon  the  wheel,  without  prejudice  to  their 
performance  ;  and  mills  that  are  well  constructed,  with  slow 
mofiDg  wheels,  will  bear  three  and  even  four  feet  and  up- 
wards of  tail-water.  Mr.  Smeaton  mentions  having  seen  an 
loetaiioe  of  six  feet ;  and  it  is  a  common  thing  in  level  coun- 
Irfea,  where  tail-water  is  most  annoyuig,  to  lay  the  wheel 
Irooi  sue  to  twelve  inches  below  the  water*a  level  of  Uie 


ICM 


THB  OPBRATIVB  MECUANIC 


md  below,  in  order  to  increase  the  fall  of  water  ;  andy 
idiciously  applied,  is  attended  with  good  effect,  as  it  Ji 
leases  the    diametjer  of  the   wheel,   and  though  it 
always  work  in  that  depth  of  tail-water,  it  will  pcifurm 
as  well,  because  the  water  ought  to  run  ofl*  from  the  bott 
of  the  wheel,  in  the  same  direction  as  the  wheel  turns. 


ON  TUB  CONSTRUCTION   OF  THE   WHEEL-RACE     A^D 
WATBR-COnRSB. 

Tub  wheel-race  should  always  be  built  in  a  substani 
mantier  with  masonry,  and  if  the  stones  nre  set  in  Roi 
cement,  it  will  be  much  better  than  common  mortar. 
earth,  behind  the  masonry,  should  be  very  solid,  and  if  it 
not  naturally  so,  it  should  be  bard  rammed  and   puddled, 
prevent  percolation  of  the  water.    This  applies  more  pi 
^Cularly  to  breast- wheels,  in  which  the  water  of  tiie   daiu  oi 

*8ervoir  is  usually  immediately  behind  the  wall  or  brrasl 
which  the  wheel  works,  a  sloping  apron  of  earth  being  h 
from  the  wall  in  the  dam  to  prevent  the  water  leaking, 
wall  of  the  breast  should  have  pile  planking  driven  be! 
to  prevent  the  water  from  getting  hencatli,  because  tlmt 
blow  up  the  foundation  of  the  race,     Tlie  atones  of  the 
are  hewn  to  a  mould,  and  laid  in  their  places  with  great  care 
but  afterwards,  when  the  side  walls  are  finished,  and  the 
of  the  wheel  placed  in  its  bearings,  a  gauge  is  attached  to  il 
and  swept  round  the  curve,  and  by  this  the  breast  is  dri 
smooth,  and  hewn  to  an  exact  arch  of  a  circle ;  the  side 
in  like  manner,  are  hewn  flat  and  tnie  at  the  place  whei 
float-boards  are  to  work.     It  is  usual  to  make  the  space  be- 
tween the  side  walls  two  inches  narrower  at  each  side,  in  Xhi 
circular  part  where  the  float  acts,  than  in  the  other  parts. 

In  some  old  mills  the  breast  is  made  of  wood  planking^ 
but  this  method  has  so  little  durability  that  it  cannot  bi 
recommended. 

In  modern  mills,  the  breast  is  lined  with  a  cast-iron  platej 
but  we  do  not  approve  of  this,  because  it  is  next  to  imposKibh 
to  prevent  some  small  leakfige  of  water  through  tlie  masonry 
and  this  water,  being  confined  behind  the  iron  breast,  c.ann( 
escape,  but  its  hydrostatic  pressure  to  force  up  the  iron 
enormous  ;  and  Lf  the  water  can  ever  insLtmate  itself  bchinc 
the  whole  surface  of  the  plate,  rarely  fails  to  break  it,  if  nt 
to  blow  it  up  altogether.     This   is  best  guarded  against  b\ 
making  deep  ribs  projecting  from  the  back  of  the  plate,  atii 
bedding  them  witli  grent  care  in  the  masonry  j  these  no! 
only  strengthen  the  plate,  but  also  cut  off  the  comnmnicatiotil 
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of  the  water^  so  that  it  cannot  act  upon  larger  surfaces  at 

oDCf,  than  the  slrcnjj^th  and  weight  of  tlie  plate  can  resist. 

Stone  is  undoubtedly  the  best  materials  for  a  breasting:.     In 

OTcrehot- wheels  the  loss  of  water,  by  running  out  of  the 

buckets  as  they  approach  the  bottom  of  the  wheel,  raiiy  be 

considerably  dimmished  by  accurately  forminir  a  sweep  or 

casing  round  the  lower  portion  of  the  wheel,  &o  as  to  prevent 

the  immediate  escape  of  the  water,  and  causing  it  to  act  in 

the    maimer  of  u  breast- Avhecl.     While    tliis    improvement 

mziains   in  good  condition,  and  tlie   wheel  works   trtdy,  it 

produces  a  very  sensible  effect ;  but  it  is  frequently  objected 

to,  because  a  stick  or  a  stone  falling  into  the  wheel  would 

be  liable  to  tear  off  part  of  its  shrouding,  and  damage  the 

buckeU ;  and  again,  a  hard  fro^t  frequently  binds  all  fiist. 

Mid  totally   prevents   the  possibility  of  working  during  its 

cooUnuaoce  j  but  we  do  not  think  the  latter  a  great  objection, 

for  tht  water  is  not  more  liable  to   freeze  there  than  in  the 

buckets,  or  in  the  shuttle,  and  may  be  prevented  by  the  same 

mc^i  '      by  keeping  the  wheel  always  in  motion,  a  very 

m^  «  of  water  left  running  all  night  will  be  sufficient. 

Mr-  i^oit^iitn  always  used  such  sweeps,  and  with  very  good 

dktit ;  it  is  certiiinly  preferable  to  any  intricate  work   in  tiie 

torm  of  the  buckets. 

Miil'Cours€s, — As  it  is  of  the  highest  importance  to  have 
the  height  of  the  fall  as  great  as  possible,  the  bottom  of  the 
caiMLl  or  dam  which  conducts  the  water  from  the  river  should 
bate  a  %'ery  small  declivity ;  for  the  height  of  the  water-fall 
*lll  dlmuiish  in  proportion  as  the  declivity  of  the  canal  is 
liicrefti^  ;  on  this  account,  it,  will  be  sufficient  to  make  A  B, 
fijg.  100,  slope  about  one  inch  in  200  yards,  taking  care  to 
wakt  the  declivity  about  half  an  inch  for  the  first  48  yards, 
in  order  tliat  the  water  may  have  a  velocity  sufficient  to  pre- 
vent it  from  flowing  back  into  the  river.  The  inclination  of 
llic  fall,  represented  by  the  ajigle  G  C  R,  should  be  2b''  bOt ; 
or  C  R,  the  radius,  should  be  to  G  R,  the  tangent  of  this 
aiiKic,  lu  100  to  48,  or  as  25  to  12 ;  and  since  the  surface 
<if  the  water  S  A  is  bent  from  a  b  into  a  c,  before  it  is  pre- 
dpitate<l  down  the  fall,  it  will  be  necessary  to  incurvate  the 

rT  part  B  C  D  of  the  course  into  B  D,  that  the  water  at 
bottom  may  move  parallel  to  the  water  at  the  top  of  the 
ftream.  For  this  purpose,  take  the  points  B,  D,  abotit 
13  inches  distant  from  C,  and  raise  the  perpendiculars  B  E^ 
D  E ;  tlic  point  of  intersection  E  will  be  the  centre,  from 
which  the  arch  B  D  Is  to  be  described ;  the  radius  being  about 
I0|  iache^. 
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Now,  in  order  that  the  water  may  act  more  advantageously 
upon  the  float-boards  of  the  wheel  W  W,  it  must  assume  a 
horizontal  direction  H  K,  with  the  same  velocity  which  it 
would  have  acquired  when  it  came  to  the  point  G  :  but,  in 
falling  from  C  to  G,  the  Mater  will  dash  upon  the  horiwntal 
part  H  G,  and  thus  lose  a  great  part  of  its  velocity ;  it  will 
be  proper,  therefore,  to  make  it  move  along  F  H,  an  arch  of 
a  circle,  to  which  D  F  and  K  H  are  tangents  in  the  points  F 
imd  H.  For  this  purpose,  make  G  F  and  G  H  each  equal  to 
three  feet,  and  raise  the  perpendiculars  11 1,  F  I,  which  ^rill 
intersect  one  another  in  the  points  I,  diBtant  about  four  feet 
uine  inches  and  rVths  from  tlie  points  F  and  H,  and  the 
centre  of  the  arch  F  H  will  be  determined.  The  distance 
H  K,  through  which  the  water  runs  before  it  acts  upon  the 
wheel,  should  not  be  less  than  two  or  three  feet,  in  order  that 
the  different  portions  of  the  fluid  may  have  obtained  a  hori- 
zontal direction  ;  and  if  H  K  be  much  larger,  the  velocity  of 
the  stream  would  be  diminished  by  its  friction  on  the  bottom^ 
of  the  course.  That  no  water  may  escape  between  the  bot**^! 
^  torn  of  the  course  K  H  and  the  extremities  of  the  float-^ 
boards,  K  L  should  be  about  three  inches,  and  the  exlremitv 
o  of  the  float-board  n  a,  should  be  beneath  the  line  H  KX, 
snflicient  room  being  left  between  o  and  M  for  the  play  of 
the  wheel,  or  K  L^l  may  he  formed  into  the  arch  of  acirc  " 
K  M,  concentric  with  the  whtcL  The  line  h  M  V»  calh 
by  M.  Fabre  the  course  of  impuUion,  (le  coursier  d'impukion^ 
should  be  prolonged,  so  as  to  support  the  water  as  long  as 
can  act  upon  the  float-boards,  and  should  be  about  nine 
inches  distant  from  O  F,  a  hori/vntal  line  passing  through  O, 
the  lowest  point  of  the  fall ;  for  if  O  L  were  much  less  than 
nine  inches,  the  water,  having  ypent  the  greater  part  of  it^H 
force  in  impelling  the  float-boards,  would  accumulate  belof^H 
the  wheel  and  retard  its  ntotiun*  For  the  same  reason,  an- 
other course,  which  is  called  by  M.  Fabre  the  course  of  dis- 
charge, (le  coursier  de  d^charge,)  should  be  connected  with 
LM  V  by  the  curve  V  N,  to  preserve  the  remaining  %'elocity 
of  the  water,  which  would  otherwise  be  destroyed  by  falling 
perpendicular  from  V  to  N<  The  course  of  discharge  is  re- 
presented by  V  Z,  sloping  from  the  point  O,  It  should  be 
about  16  yards  long,  having  an  inch  of  declivity  in  eveiy  t^t^H 
yards.  The  canal,  which  reconducts  the  water  from  tbi^H 
course  of  discharge  to  the  river,  should  slope  about  four 
inches  in  the  first  *200  yards,  three  inches  in  the  second  200 
yards,  decreasing  gradually  till  it  terminates  in  the  river.  But 
if  tlie  river,  to  M^hich  the  water  is  conveyed,  shoidd,  wl 
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molkn  by  the  mins,  force  the  water  back  upon  the  whctl,  the 

OUMlmubi  hare  a  greater  dcclivily,  in  order  to  prevent  this  from 

taking  place.    Hence  it  will  be  evident,  that  very  accurate  level- 

k  necessary  for  the  proper  formutiun  of  the  mill-course, 

ON   SKITING  OUT   WATEB-COURSES    AND  DAMS. 

The  moet  ancient  mills  were  iindershot-wheek  placed  in 
Hie  current  of  an  open  river,  the  huikling  containing  the  mill 
being  set  upon  piles  in  the  river.  It  would  soon  be  observed 
liyit  the  power  of  the  mill  would  be  greatly  increased  if  all  the 
water  of  the  river  was  concentrated  to  the  wheel,  by  making  an 
obstruction  across  the  river  which  penned  up  the  water  to  a 

k required  height ;  and  aiso  to  form  a  pool  or  reservoir  of  ^uter. 
h  ftluice  or  shuttle  would  then  become  necessary  to  regulate 
the  admission  of  water  to  the  wheel,  and  other  sluices  would 
be  ni*cc»anry  to  allow  the  water  to  escape  in  times  of  floods ; 
||f  though  in  ordinary  times  the  water  woidd  run  over  the 
jB  of  the  obstruction  or  dam,  yet  a  veiy  great  body  of  water 
running  over  might  carry  away  the  whole  work,  by  washing 
away  the  earth  at  the  foot  of  tlie  dam,  and  then  overturning 
it  into  th**  excavation.  This  is  an  accident  which  frequently 
>pen9  to  millB  so  situated;  and  the  dangei  is  so  obvioua, 
d  most  water-mills  are  now  removed  to  the  side  of  the 
and  a  channel  h  dug  from  the  river  to  the  mill  to 
y  it  irith  water,  and  another  to  return  the  water  from 
to  the  river.  The  difference  of  level  between  these 
_  lotb  16  the  fall  of  water  to  work  the  mill,  and  thiB  itj 
up  Ijy  means  of  a  wear  or  dam  entirely  across  the  river, 
the  wnter  can  run  freely  over  this  dam  in  case  of  floods*, 
without  at  all  affecting  the  mill,  because  the  entrance  to  tlie 
channel  of  supply  is  regulated  by  sluices  and  side  walls. 

The  dam  should  be  erected  across  tlie  river  at  a  broad 

part,  where  it  will  pen  up  the  water  so  as  to  form  a  large 

pond  o?  reservoir,  which  is  called  the  mill-pond  or  dam-head. 

TTili  re!*ervoir  is  useful  to  gather  the   water  which  comes 

down  liie  river  in  the  night,  and  reserve  it  for  the  next  day's 

consumption ;   or  for  such  mills  as  do  not  work  incessantly, 

bat  which  require  more  water,  when  they  do  work,  than  the 

ordinary  itream  of  the  river  can  supply  in  the  same  time. 

^The  larger  the  surface  of  the  pond  is,  the  more  efficient  it 

■  wiU   be,  but  depth  will   not  compensate  for  the  want  of 

^P.iaflaci^,  because,  as  the  surface  sinks,  when   the   water  is 

m  dkawn  off,  the  f;dl  on  descent  of  the  water,  and  consequently 

~    tKo  power  of  tlic  water,  diminishes. 

1  for  a  large  river  should  be  constructed  with  the 
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Utmost  solidity;  wood  framing  is  very  commonly  uised, 
masonry  is  preferable.     Great  care  must  be  taken,  by  dri! 
pile  planking  under  the  dam,  to  intercept  all  leakage 
water  beneath  the  ground  under  the  dam,  as  that  loosei 
earth,  and  destroys  the  foundation  in\perceptibly,  w! 
violent  flood  may  overthrow  the  whole.     It  h  a  eoi 
practice  to  place  the  dam  obliquely  across  the  river, 
view  of  obtaining  a  greater  length  of  wall  for  tlie  water 
over,  and  conbvquently  prevent  its  rising  to  so  great  a 
in  order  to  give  vent  to  the  water  of  a  flood.     Bui 
very  objecuonable,  because  the  current  of  water  com 
running  over  the  dam,  always  acts  upon  tlie  shore  or 
the  river  at  one  point,  and  will  in  time  wear  it  away,  if 
prevented  by  expensive  works.     This  difficulty  is  obnJ 
by  making  the  dam  in  two  lengths  which  meet  in  an  angle 
the  vertex  pointing  up  the  stream.     In  this  way  the  cm 
of  water,  coming  from  the  two  opposite  parts  of  the 
etrike   together^   and   spend   their   force   upon  each  otbi 
without  injuring  any  part.     A  still  better  form  is  a  segmt 
of  a  circle,  which  has  the  additional  advantage  of  strcnj 
because  if  the  abutments   at  the  banks   of  the   river 
firm,  the  whole  dam  becomes  like  the  arch  of  a  bridge 
down  horizontally.    Thiss  was  the  form  generally  u»ed 
Mr.  Smeaton. 

The  foot  of  the  dam  where  the  water  runs  down 
a  regidar  slope  with  a  curve,  so  as  to  lead  the  u.. 
regularly;  and  this  part  should  be  evenly  paved  with  stoi 
or  planked,  to  prevent  the  water  from  tearing  it  up  wher 
moves  with  a  great  velocity^ 

When  the  fall  is  considerable,  it  may  be  divided  into  in< 
than  one  dam ;  and  if  the  lower  dam  is  made  to  pen  the  ivi 
upon  the  foot  of  the  higher  dam,  then  the  water  rum 
over  the  higher  dam,  will  strike  into  the  watcr»  imd  Lose 
force.     There  is  nothing  can  so  soon  exhaust  the  forcej 
rapid  currents  of  water  as  to  fall  into  other  water,  becai 
it6  mechanical  force  is  expended  in  changing  the  figure 
the  water ;  but  when  it  falls  upon  stone  or  w^ood,  ita  furcc 
not  taken  away,  but  only  reflected  to  some  other  piu-t  of 
channel,  and  may  be  made  to  act  upon  such  a  great  exteni 
surface  as  to  do  no  very  striking  injury  at  any  one  time  ; 
by  degrees  it  wears  away  the  banks,  and  recjuires  con»1 
repairs :  for  it  is  demonstrable  that,  as  much  of  the  (ati 
the  water  as  is  not  carried  away  by  the  rapitl  moti< 
winch   it  flows,  after  pussing  the  dam,  must  be  ex[ 
either  in  chauging  the  figure  of  the  water,  or  in  w^fihiiig 


i 


AND  MACHINIST. 


109 


ftway  the  banks^  or  in  the  Mction  of  the  water  ruBDing  over 
the  bottom. 
The  cotton-works  of  Messrs.  Strutt,  at  Belper,  m  Derby- 
•,  are  on  a  large  scale^  aud  the  most  complete  we  have 
vtr  sjecn,  in  their  dams  and  water-works.  The  mills  arc 
'turned  by  the  water  of  the  river  Defwent,  which  is  very 
Mibject  to  floods.  Tlie  great  wear  is  a  semicircle,  built  of 
vrry  substantial  masonry,  and  provided  with  a  pool  of  water 
',h\-j\v  it,  into  which  the  water  falls.  On  one  side  of  the 
mttLT  are  three  sluices,  each  20  feet  wide,  which  are  drawn 
op  in  floods,  and  allow  the  w^ter  to  pass  sideways  into  the 
same  pool ;  and  on  the  opposite  side  is  another  such  sluice, 
22  fcrt  wide.  The  water  is  retained  In  the  lower  pool  by 
scmie  obstruction  which  it  experiences  in  running  beneath 
ibc  wrhes  of  a  bridge ;  but  the  principal  fall  of  the  water  is 
bcokeii  by  falling  into  the  water  of  tlie  pool,  beneath  the 
grmt  Mrmicircular  wear. 

The  water  which  is  drawn  oflF  from  the  mill-dam  above 
tbcfrear,  passes  through  three  sluices,  20  feet  wide  each,  and 
U  llicn  distributed  by  different  channels  to  the  mills,  which 
are  situated  at  the  side  of  the  river,  and  quite  secure  from 
fell  fioods.  There  are  six  large  water-wheels;  one  of  them, 
nhidi  i*  40  feet  in  breadth,  we  have  mentioned,  from  the 
ingenuity  of  its  construction;  and  another,  which  is  made  in 
two  breaiatiiA  of  15  feet  each,  we  have  also  described.  They 
ifr  Ht-wheels.     Tlie  iron-works  of  Messrs.  Walker, 

It    1  «m,  in  Yorkshire,  are  very  good  specimens  of 

water- works;  as  also  the  Carrun-works   in   Scotland, — Dr. 
Rccs's  Ct/rfaptrdia  and  Dr.  Brewster's  Ferguson, 

PKN  STOCK, 

The  following  is  a  description  of  a  pentrough  and  stock  for 
Ci^iuiizing  the  water  falling  on  water-wheels,  by  Mr.  Quayle. 
To  ensure  a  regular  supply  of  water  on  the  wheel,  and  to 
o*r  inconveniencies  arising  from  the  usual  mode  of 

dc.i  ^   \  from  the  bottom  of  the  pentrough,  this  method 

lu  dcvu^  of  regulating  the  quantity  delivered  by  a  float,  and 
Ukiog  the  ^  hole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  Fig.  90.  A,  the  entrance  of  the 
Viler;  B,  the  float,  having  a  circular  aperture  in  the  centre, 
in  which  in  suspended  C,  a  cylinder,  running  down  in  the  case 
r.  f  '  *•  btjttom  of  the  pentrough.     This  is  made  water- 

tu  bottom  of  the  pentrough  at  F,  by  a  leather  collar 

pi  L^en  two  plates,  aud  screwed  down  to  the  bottom, 

ider  is  secured  to  the  float  so  as  to  follow  its  rise 
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and  f&U ;  afid  the  wtiiet  is  admitted  into  it  tbroujo^li  the  0| 
in  its  sides,  and  there,  passing  through  tlic  box  or 
rises  and  issuer  at  G  on  the  wheel.     By  ihh  meaus»,  a  ui 
quantity  of  water  la  obtained  at  G;  which  (juantity 
increased  oi   diminished  by  the  assistance  of  a  smi 
and  pinion  attached  to  the   cylinder,   which   will 
depress  the  cylinder  above  or  under  the  water  line 
float;  and,  by  raising  it  up  to  the  top,  it  litopa  the 
entirely,  and  answers  the  purpose  of  the  common  iJii 
This  pinion  is  turned  by  the  handle  H,  similar  to  ft 
handle  j  and  is   secured   from  running  down  by  a 
wheel  at  the  opposite  end  of  the  pinion  axis. 

K  and  L  are  two  upright  rods  to  preserve  the  perpendic 
rise  and  sinking  of  the  float,  running  through  the  float, 
secured  at  llie  top  by  brackets  from  the  sides* 

M,  a  board  let  down  across  the  pentrough  nearly  to 
bottom,  to  prevent  the  horizontal  impulse  of  the  water 
di^tu^bing  the  float. 

Fig,  r'9*.    A   transverse  section,  showing  the  mode 
fixing  the  rack  and  pinion,  and  their  supports  on  tlic 
The  rack  isi  inserted  into  a  piece  of  metal  running  acroMi 
cylinder  near  the  top.    That  the  water  may  pass  more  fr 
when  nearly  exhausted,  the  bottom  of  tJte  cylinder  is 
plane,  but  is  cut  away  &o  as  to  leave  two  feet,  as  at 
fig.    99.     The  float  is  alho  kept  from  lying  on  the  pent 
bottom  by  four  Bniall  feet ;   so  that  the  water  getjs  urn 
regularly  from  the  first. 

Fig.  119**,  An  enlarged  view  of  the  cylinder,  showiiig 
rack  and  ratchet-wheel,  with  the  clink,  and  one  of  the  upeuii 
on  the  side  of  the  cylinder ;  the  winch  or  handle  being  on 
opposite  side,  and  the  pinion,  by  which  the  rack  is 
enclosed  in  a  box  between  them. 


MR*    SMKATON  S    I'KNTROUGH. 

Fig,  93*.  G  represents  the  pentrough  through  which 
water  flows,  and  F  F  strong  cross-beainij  on  which  it  is  $\ 
ported;  the  wheel  is  situated  very  close  beneath  the  boUoi 
tlie  trough,  as  the  figure  shows.  E  E  are  two  arms  of 
wheel,  which  are  put  together,  as  shown  in  fig.  IIO.  fi 
the  wooden  rim  of  the  wheel;  the  narrow  circle  beyond' 
the  section  of  the  sole  planking,  and  on  the  outside  of  thU 
bucket-boards  are  6%ei  as  the  figure  shows ;  one  of  the  bol 
boards,  />»  of  tlie  trough  at  the  end  is  iuclinodf  and  an 
is  left  between  that  end  iind  the  other  boards  of  the  hot 
let  the  water  pas;*  through;  tlii^  opening  is  closed  by  o 
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ifaiitlie,  C|  which  is  fitted  to  the  bottom  of  the  trough,  and 

be   moved  backwards  and  forwards  by  a  rod   «/,  and 

fcfier  e^  which  is  hxed  into  a  strong  axis/;  this  axis  has  a 

liMig  lever  on  the  end,  which,  being  moved  by  the  miller, 

the   shuttle   along   the   bottom  of  the   trough,  and 

^liCT««9e8   or   diminishes   tlie   aperture   through    which   the 

vaier   issues.      The   extreme   edge   of  the   shuttle   is   rut 

mcUned,  to  make  it   correspond  with  the  inclined  part  h, 

tad   by   this  means    it   opens   a    parallel   passage    for  the 

wiiter  to   run   through,   and  tliis  causes   the   water  to  be 

livered  in  a  regular  and  even  sheet;  and  to  contribute  to 
Uii»  the  edges  of  the  aperture  where  the  water  quits  it  are 
ftiidered  sharp  by  iron  plates;  the  ehuttle  is  made  tight 
where  it  lies  upon  the  bottom  of  the  trough,  by  leather,  no  as 
to  avuid  any  leakage  when  the  shuttle  is  closed.  When  the 
wheel  is  of  considerable  breadth,  tlic  weight  of  the  water 
mtghi  betid  down  the  middle  of  the  trough  until  it  touched 
iHe  wheel;  to  prevent  this,  a  strong  beam,  O,  is  placed  across 
the  trough,  and  the  trongh  is  suspended  from  this  by  iron 
bolU  which  pass  thror.gh  grooves  m  the  shuttle,  so  tJiat  they 
do  not  tntcrfere  with  the  motion  of  the  shuttle. 

Aft,  Xouaille  took  out  a  patent,  in  October,  1812,  for  a 
ttcw  tncUiod  of  laying  water  upon  an  overshot-whecl,  (sec 
ftg.  m,)  which  he  thus  describes : — "  In  ray  new  method  of 
ipplying  water  to  wutcr-wheels,  1  cause  it  to  commence  its 
actiua  upon  a  point  of  the  wheel's  circumference,  which  is 
ibdut  5Ji  degrees  distant  from  the  vertex,  or  the  highest  point 
llmTiof,ini!>(rad  of  applying  it  at  the  top  of  the  wheel,  as  hereto- 
ferr  coinmonl)  practised  for  ovcrshot-wheels.  By  these  means 
1  €Mt  liavc  the  advant^es  of  a  targe  wheel  in  situations  where 
the  fall  wiiuld  only  allow  of  a  smaller,  if  the  water  was  applied 
at  the  lop  ;  thus,  if  there  be  a  perpendicular  of  12  feet,  1  cause 
a  wh^  of  l.'j  feet  diameter  to  be  made,  and  of  course  ttie 
water  mu*t  be  made  to  act  upon  it  at  a  height  of  12  feet, 
wiitch  ia  three  feet  perpendicular  below  tlie  top  of  the  wheel, 
and  «i  ftbout  53  degrees  from  the  top,  measured  round  its 
drcmmlmoce  as  above  stated.  I  make  the  pentrough  which 
brtogs  the  water  to  the  wheel  of  such  a  form  that  it  deliver** 
thr  wairr  from  the  bottom  of  it  through  the  floor,  and  is 
directed  at  fiucb  an  angle  n&  to  fall  into  the  bucket:?  nearly 
m  the  difection  of  the  wheel's  motion,  which  will  be  at  an 
awk  of  75  degrees  witli  the  horizon;  the  shuttle  or  gate 
tfafi  upon  the  floor  of  the  trough,  so  as  to  cover  the  aperture, 
■id  determtne  the  quarititv  of  water  to  be  let  out  u|)on  the 
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"  The  exact  maDner  of  carrying  this  principle  in 
particularly  explained  by  the  annexed  draft,  which  la  a 
section  of  a  water-wheel  on  my  improved  plan.     In  th 
dotted  line  A  A,  fig.  116,  represents  the  level  of  the 
at  its  full  head,  and  B  the  level  of  the  tail- water;  th 
A  B  is  the  extreme  fall,  A  C  is  the  depth  of  the  water 
pcntrough.     Now,  bstead  of  the  comTnon  practice  of  maJil 
a  wheel  of  the  diameter  equal  to  B  C,  1  make  the  wb 
D  E  F  G  one-fourth  larger  than  B  C,  then  the  water  wiB 
delivered  upon  it  at  the  point  E.     The  floor  C  of  the  p 
trough  C  H  L^  does  not  come  up  to  meet  the  end  H  the 
but  leaves  a  small  apace  through  which  the  water  i»suct 
the  direction  of  the  dotted  line  1 1,  to  the  *  buckets  of 
wheel.     The  breadth   of  tliis   space   is  detennined 
shuttle  K,  which  lays  flat  upon  the  floor  of  the  penl 
and  slides  over  the  aperture.     It  is  regulated  by  nir 
lever  N,  acted  upon  by  a  screw,  rack,  or  other  adjus 
M,  and  the  water  is  thus  delivered  in  a  very  thin  and  rej 
sheet  into  the  buckets/' 

Fig.   U7  represents  a  method  of  laying  on  wiit«r 
has  for  several  years  been  in  common  use  in  Yorkiihire 
the  north  of  England,     In  this  the  water  is  not  appUi'd 
at  the  top  of  the  wheel,  but  nearly  in  the  sair  i  >q 

the  last  described;  but  the  advantages  of  this  w 
others  is,  that  the  water  can  be  delivered  at  a  greater  or 
height,  according  to  the  height  at  which  the  water  s 
the  trough;  but  in  all  the  preceding  methods,  if  the 
subject  to  variations  of  height,  as  all  rivers  are,  ib 
wheel  must  be  diminished,  so  that  in  the  lowest  state  of 
water  it  will  stand  a  sufficient  depth  above  the 
bottom  of  the  trough  to  issue  with  a  velocity 
than  the  motion  of  the  wheel.     In  this  case,  when  t'ne 
mes  to  its  usual  height,  or  above  it,  the  increase  of  fj 
obtained  is  very  little  advantage  tx)  tlie  wheel ;  the  iinpro 
wheel  can  at  all  times  take  the  utmost  fall  of  the  water,  c 
when  its  height  varies  from  three  to  four  feet.     A  A  is 
pentrough  made  of  cast-iron ;  the  end  of  it  is  formed  b 
grating  of  broad  flat  iron  bars,   which  are  bclined   in 
proper  position  to  direct  the  water  through  them  into 
buckets  of  the  wheel.     The  spaces  between  the  bars  are 
up  by  a  large  sheet  of  leather,  which  is  made  fast 
bottom  of  tbe  Iron  trough  at  «,  and  is  applied  ji 
bars ;  and  the  pressure  of  the  water  keeps  it  in  close  coo 
with  the  bars,  so  as  to  prevent  any  leakage.     This  in 
real  shuttle,  uid  to  open  U  so  as  to  give  the  required 
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(J  inkier  to  the  wlircl,  tlie  upper  edge  of  the  leather  h 
vn^pecl  round  a  smaller  roller,  /»;  the  pivots  at  the  ejids  of 
thtB  roller  are  received  in  the  lower  ends  of  two  racks,  which 
are  made  to  slide  up  and  down  by  the  action  of  two  pinions 
fixed  upon  a  common  axis  which  extends  across  the  trough ; 
thifl  axis  being  turned,  raises  up  or  lowers  down  the  roller, 
tad  the   leather  shuttle  winds  upon  it  as  it  descendii,  or 
unmnds  from  it  as  it  ai^ceiids,  so  as  to  open  more  of  the 
^Ace&  between  the  bars,  or  close  them,  as  it  is  required.     In 
order  to  make  the  roller  take  up  the  leather,  and  always  draw 
it  tight,  a  strap  of  leather  ii^  wound  round  the  extreme  ends 
of  the  rollers,  beyond  the  part  where  tlie  leather  shuttle  rolls 
upon  it.     These  straps  are  carried  above  water  and  applied  on 
wheels,  which  wind  them  up  with  a  very  considerable  tension, 
by  the  Itction  of  a  band  and  weight  wrapped  on  the  circimi- 
fmnce  of  a  wheel,  which  is  on  the  end  of  the  axis  of  those 
wiicels. 
The  water  runs  over  the  upper  side  of  the  roller,  and  flows 
tlie  spaces  between  the  grating  into  the  buckets  of 
'llie  wheel;  the  descent  of  the   water  passing  through  the 
bvSy  and  afterwards  in  falling  before  it  strikes  the  bottom 
of  tlie  bucket,  is  found  fully  sufficient  to  produ<*e  the  neces- 
sary velocity  of  tlie  water,  tor  a  fall  of  four  inches  produces 
a  Telocity  of  more  than  four  feet  per  second. 

Wc  recommend  this  as  the  best  method  of  applying  the 
waler^  an  we  see  in  all  other  forms  that  a  much  greater 
poftion  of  the  fall  is  given  up  in  order  to  make  the  water 
flow  into  the  wheel  j  not  that  any  such  depth  as  is  couuuonly 
girm  IB  at  all  necessary,  but  the  aperture  in  the  trough 
louitf.  be  placed  so  tow  that  the  water  will  run  through  it  in 
ibe  rcry  lowest  states  of  the  water,  other^vise  the  wheel 
maoA  slop  at  such  times* — Dr»  Rees's  Cythpmdia,  Reper* 
lofy  of  JriSr  IS\^, 

t^LVtCn   COVBHKOR    FOR    REGITLATING   THE   INTRODUCTION   OF 
WATKR    UPON    WATK a- WHEELS    OF    ALL    KINDS. 

Tor  liitfenious  Mr.  Burns  actually  constructed  for  the 
Cftrtiiide  Cotton  Mills,  the  sluice  governor,  represented  at 
fct.  118,  119,  120,  and  121,  which  was  considered  of  such 
adfftBta^  as  to  pr(Kluce  a  savingof  more  than  lOOA.pcr  annum. 

l*be  motion  of  the  water-wheel  is  conununicaled  by  a  belt 
or  rope  >und  the  pulley  I  to  the  axis  E  F,  which 

aurirs  1  (j  M,  fig.  118.     This  motion  is  conveyed  to 

tir  t  T,  by  the  wheels  ajid  pinions  Q,  R,  S,  T, 

.  at  tlie-  Lmttom  of  llie  -,liuft  drives  the  vvheeli 
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O,  P,  figs.  119  and  120,  in  opposite  directions.     When 

velocity  of  the  wheel  is  such  as  ia  required,  the  wh     '    ^ 
move  loosely  about  the  axis,  and  carry  the  motion 
But  when  the  velocity  of  the  wheel  is  too  t 
G,  H,  separated  by  the  increase  of  centrifuu 
the  box  u  upon  the  shaft  E  F,     An  Iron  cross  h  c,  see  fig.  l! 
is  fitted  into  the  box  a.    This  cross  works  in  the  four  proi 
of  the  fork  ebc,  fig,  1 19,  at  the  end  of  the  lever  dq/e, 
moves  horizontally  round  /  as  its  centre  of  motion.    Wl 
the  box  a  h  stationar}-,  which  is  when  the  wheel  bad 
proper  velocity,  thi*    iron   cross   works  within   two  of 
prongs  so  as  not  to  affect  the  lever  a/c,  but  to  «illuw_ 
clutch  g  q,  fixed  at  the  end  of  the  lever,  to  be  diw 
from  the  wheela.     When  the  cross  he  rises,  it  Bti 
turning  round  the  prong  3,  see  fip^.  1*21,  which  driven 
lever  efa,  and  throws   the  clutch  q  into  the  arnis 
wheel  P,  figs.  1 1 9, 120,   This  causes  it  to  drive  round  the 
D  C  in   one   direction.     When  the  iron   cross  h  c,  on 
contrary,  is  depressed  by  any  diminution  in  the  velocit 
the  wheel,  it  strikes  in  turning  round  the  prong  4,  wl 
pushes  aside  the  lever  e/d,  and  throws  the  clutch  q  into 
wheel  O.     This  causes  the  wheel  O  to  drive  the  shaft  \ai 
opposite   direction  to  that   in   which  it  ^vas  drivrn   hv 
Now  the  shaft  D  C,  which  is  thus  put  in  motion, 
means  of  the  pinion  C  and  wheel  B,  the  inclined  si. 
which,  by  an  endless  screw,   X,  working  in  the 
quadrant  Z,  elevates  or  depresses  the  sluice  K  L,  and 
a  greater  or  a  less  quantity  of  water,  according  to  tUei 
given  to  the  shaft  by  the  wheel  V  or  O,     This  cl  ^ 
the  aperture  is  produced  very  gradiuilly,  as  the  train  ol 
work  is  made  so  as  to  reduce  the  motion  at  the  sluice. 
centre  in   which  the  sluice  turns  should  be  one-third  of 
height  from  the  bottom,  in  order  that  the  prcesure  of 
water  on  the  part  above  the  centre  may  balance  the  pre! 
on  the  part  below  the  centre. 

MR.  Ferguson's  rux-ks  for  the  construction  of 

UNDERSHOT   WATER-MILLS. 

When   the   float-boards   of  the   water-wheel  more 
%  third  part  of  the  velocity  of  the  water  that  acts  upon 
the  water  has  the  greatest  power  to  tuni  the  miU :  and  wl 
tlie  roill-stone  makes  about  60  revolutions  in  a  minute, 
foxind  to  do  its  work  the  best.     For,  when  it  make* 
bbout  4Q  or  50  it  grinds  too  slowly,  and  when  it  makea 
than  70,  it  heats  the  meid  too  mucli,  and  cutx  the  bran* 
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iDuiJl,  that  a  great  part  thereof  mixea  with  the  oical^  and 
cumot  be  separated  from  it  by  sifting  or  boulting.  Coiige- 
qaently,  the  utmost  perfection  of  mill-work  lies  in  making 
tie  train  so,  as  that  the  mill-stone  shall  make  about  60  tarns 
in  a  minute  when  the  water- wheel  moves  with  a  tliird  part 
of  the  velocity  of  the  water.  To  have  it  so,  observe  the 
following  rules : 

I.  Measure  the  perpendicular  height  of  the  fall  of  water, 
in  feet,  above  the  middle  of  the  aperture,  where  it  is  let  out 

tio  act  by  impulse  against  the  float-boards  on  the  lowest  sidfi 
of  the  undershot*wheel. 
2.  Multiply  this  constant  number  64.2882,  by  the  height 
of  tlie  fall  in  feet,  and  extract  the  square  root  of  the  product, 
vhich  shall  be  the  velocity  of  the  water  at  the  bottom  of  the 
fall,  or  tl*e  number  of  feet  the  water  moves  per  second. 

3,  Divide  the  velocity  of  the  water  by  3,  and  the  quotient 
ttball  be  the  velocity  of  the  floats  of  the  wheel,  in  feet,  per 
second. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  floats,  and  the  quotient  will  be  tlje  number  of 

nds  in  one  turn  or  revolution  of  tlie  great  water-wheel 

whose  axis  the  cog-w!ieel  that  turns  the  trundle  is  flxed. 

6.  Divide  6(>  by  the  number  of  seconds  in  a  turn  of  the 
water-wheel,  or  cog-wheel,  and  the  quotient  will  be  the 
number  of  tunis  of  either  of  these  wheels  in  a  minute. 

6.  By  tills  number  of  turns  divide  60,  (the  numlier  of  turns 
e  ought  to  have  in  a  minute,)  and  the  quotient 
e  number  of  turns  the  mill-stone  ought  to  have  for 
one  torn  of  the  water  or  cog  wheel.     Then, 

7-  As  the  required  number  of  turns  of  the  mitl-stone  in  a 
istnutc  is  to  the  number  of  turns  of  the  cog-wheel  in  a 
miimte^  so  must  the  number  of  cogs  in  the  wheel  be  to  the 
inimber  of  staves  in  the  trundle  on  the  axis  of  the  milU stone, 
ifi  '  'st  whole  number  that  can  be  found*     By  these 

ml*  ilowing table  is  calculated;  in  which  the  diameter 

of  the  water-wheel  is  supposed  to  be  18  feet,  (and  conse- 
qaently  its  circumference  SO}  feet,)  and  the  distance  of  tlie 
nUll-stotic  to  be  five  feet. 
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Example. — Suppose  an  undershot-mill  is  to  be  built  where 
the  perpendicular  height  of  the  fall  of  water  is  nine  feet ;  it 
is  required  to  find  how  many  cogs  must  be  in  the  wheels  and 
how  many  staves  in  the  trundle^  to  make  the  mill-stone  go 
about  60  times  round  in  a  minute,  while  water-wheel  floats 
move  with  a  third  part  of  the  velocity  with  which  the 
water  spouts  against  them  from  the  aperture  at  the  bottom  of 
theM. 

Find  9  (the  height  of  the  fall)  in  the  first  column  of  the 
table ;  then  against  that  number,  in  the  sixth  column,  is  70 
for  the  number  of  cogs  in  the  wheel,  and  10  for  the  number 
of  staves  in  the  trundle ;  and  by  these  numbers  we  find  in 
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ike  righth  colamn  that  the  mill-stone  will  make  59  7^%  turn« 
lia  miDUte,  which  is  within  half  a  turn  of  60^  and  near  enough 
Jhr  the  purpose ;  as  it  is  not  absolutely  requisite  that  there 
I  Aonild  be  lust  60  without  any  fraction  :  and  throughout  the 
table  the  number  of  turns  is  not  quite  one  more  or 
in  GO. 

Tlie  diameter  of  the  wheel  being  18  feet,  and  the  fall  of 
flrter  nine  feet,  the  second  column  shows  the  velocity  of 
tie  wifter  at  the  bottom  of  the  fall  to  be  24  -i4ir  feet  per 
ncond ;  the  third  column  the  velocity  of  the  float-boards  of 
4e  wheel  to  be  8  -dir  feet  per  second ;  the  fourth  column  shows 
r  Alt  the  wheel  will  make  8t'oV  turns  in  a  minute ;  and  the 
^  mA  ecAumn  shows  that  for  the  mill- stone  to  make  exactly 
O  turns  in  a  minute,  it  ought  to  make  7  -rhr  (or  seven  turns 
md  one-twentieth  part  of  a  turn)  for  one  turn  of  the  wheel. 

Dr.  Brewster,  in  the  valuable  Appendix  which  he  has 
anend  to  his  edition  of  Mr.  Ferguson's  works,  shows,  that 
tbe  pinciples  upon  which  the  above  table  is  calculated,  arc 
cnwicousj  owing  to  the  author  having,  with  Desagulier  and 
MarUniiu,  embraced  M.  Parent's  theory,  which  Mr.  Smeaton, 
bf  repeated  experiments,  proved  to  be  incorrect. 

Tbe  constant  number  used  by  Mr.  Ferguson  for  finding 
die  Tclodty  of  the  water  from  the  height  of  the  Ml,  64.2882, 
appcaratp  be  also  wrong.  For,  from  some  recent  experi- 
Bents  nade  by  Mr.  Whitehurst  on  pendulums,  it  is  found, 
tfnt  a  hemvy  body  falls  16.087  f^t  in  a  second  of  time ; 
eonseqneDtly  the  constant  number  should  be  64.348. 

Dr.  Brewster  then  statt»s,  that  in  Mr.  Ferguson's  table, 
dK  velocity  of  the  mill-stone  is  too  small ;  and  Mr.  Imison, 
in  correcting  this  mistake,  has  made  the  velocity  too  great. 
¥iam  tiuB  circumstauce,  the  Mill-wrights'  Table,  as  hitherto 
puUisheiL  is  fundamentally  erroneous,  and  b  more  calculated 
to  tniJ^>at^  than  to  direct  the  practical  mechanic.  Proceed- 
ing, thcreSore^  up<jn  the  practical  deductions  of  Smeaton,  as 
by  theory,  and  emplo\-ing  a  more  correct  constant 
and  a  more  suitable  velocity  for  the  mill-stone,  we 
ct  a  new  Mill-wrights' 'Table  by  the  following 


1-  Fisd  the  perpendicular  height  of  the  fall  of  water  m 
1  above  the  bottom  of  the  mill-course,  at  K,  (hg.  100,) 
d  faavicf  diniinisLed  this  number  by  one-half  of  the 
de-xytb  of  the  water  at  K,  call  that  the  height  of  the 


2.  Since    '_^xilc=   tcouire  a  velocity-  of  32-174  feet    in   a 
rv  ^-   ••—r  tlr^i-h  16-087 fee t^  and  since  the  velocUkft 
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of  fiilljag  bodies  arc  as  the  equarc  roots  of  the  heights  tbroudi 
which  tbcy  fall,  the  fe?qtiare  root  of  JOMB/   wiJl  be  to  tic 

quare  roots  of  the  height  of  Uu-  fall,  an  ♦32'174  to  a  fuurlli 
[iiuniber,  which  will  be  the  velocity  of  the  \niter.     Tliercfore 

le  velocity  of  the  water  muy  be  always  found  by  multiply- 

1^32*  17-1  hy  the  square  root  of  the  height  of  the  frill,  wu 
dividiDg  that  product  by  the  square  root  of  16'087.     Or  i 
may  be  foiuid  more  easily  by  luultiplyiug  the  height  nf  iKi 
fidl   by  the  constant  number    64-348,    and  extnic: 
square  root  of  the  product,  which,  abstracting  the  tiiects  t 

'iction,  will  be  the  velocity  of  the  water  required. 

3.  Take  one- half  of  the  velocity  of  the  water,  and  it  wi 
be  the  velocity  which  must  be  given  to  the  float-boards,  i 
ihe  number  of  feet  they  must  move  through  in  a  gccond^  i 
order  that  the  greatest  effect  may  be  produced. 

4.  Divide  the  circumference  of  the  wheel  by  the  vdodt 
of  its  float-boards  per  second,  and  the  quotient  will  b<^ 
number  of  seconds  in  which  the  wheel  revolves. 

5.  Divide  GO  by  this  last  number,  and  the  quotient  wi 
be  the  number  of  revolutions  which  the  wheel  performs  in 
minute.     Or  the  number  of  revolutions  [ 
"wheel  in  a  minute,  may  be  found  by  multiji. 
of  tlie  float-boardii  by  (K),  and  dividing  the  proilucL   hy  I 
circumference  of   the   wheel,  which  in  the  present  case 
4712. 

6.  Dtvide  90  (the  number  of  revolutions  which  a  miU-etG 
live  feet  diameter  should  perform  in  a  minute)  by  the  numb 
of  revolutions  made    by  the   wheel    in  a  minute,  and  ll 
quotient  will  be  the  number  of  turns  which  the  mili-Ktui 
ought  to  make  for  one  revolution  of  the  wheel, 

7.  Then,  as  the  number  of  revolutionti  of  the  wheel  in 
minute  is  to  the  number  of  the  revolutionri  of  the  mi]l-&too< 
in  a  minute,  »o  must  the  number  of  st<ivcs  in  the  trundle 
to  the  number  of  teeth  in  the  wheel,  in  the  nearest  who 
numbers  that  c:m  be  found, 

8.  Multiply  tlie  number  of  revolutiona  performed  by  tl 
wheel  in  a  nituute,  by  the  number  of  revolutions  made  I 
the  mill-stone  for  one  of  the  wheel,  and  the  product  will  1 
the  number  of  revolutions  performed  by  the  mill -stone  in 
minute^ 

In  this  manner  the  following  table  has  been  calculated  fi 
a  miter-wheel  15  feet  in  diameter,  which  is  a  good  mediu 
Hi/e,  the  mill-stone  being  five  feet  in  diameter,  and  revoliran 
90  times  in  a  minute. 
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DR.  BREWSTER'S  MILL-WRIGHTS*  TABLE. 


Ae  velocity  of  the  wheel  u  ihfte-$eoentht  of  the  velodty  of 
hmaUr,  and  the  ^ects  of  friction  on  the  velocUy  of  the  stream 
titni  to  computation. 
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'niEATISES  ON  MILL  WORK. 
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Jacob  LeopulJ'fi  Tbcatrum  Macliinarum  MuUnanim,  li 

RcmarquM  sur  les  Aubes  ou  Palettes  dts  Muulina,  et  ,\  auB 

piir  le  Cuuranl  des  Rivd^res,  par  M.  Fttot,  Metu.  Acad.  Roy.  1' 

Job.  vanZyl  Thcatrum  Maclunanim  Unirersale  <jf  Groot  Al^  Am* 

\hock,  &c.»  Aimterdam,  1734. 

Jo.  Cnral.  ToteoB  D'lamr.  de  Machinis  Molaribiu  optime  comtniendUa 
[Bntftv.  1734. 

Kurxe»  abcr  Deutlichc  anweiitung  zur  constmctJOD  der  Wind  and  Wi 
lablen,  von  Gottfr.  KinderHtiiGr,  1733 

Pcsa^iiHer'HExperimtQlal  Fbtlo»ophf,  2  to1«.  4to.  1735,  1744. 

Arcbitccture  Hydraulique,  par  M,  Belidor,  4  vals.  4to.  17:i7 — irri3. 

Mr.  W.  Anderson,  F.  R.  S.     Dewrnption  of  a  Wat«r-wheel  for  MilJj. 
Trans,  vol,  44,  1746. 

Lcoub.  Etileci,  De  Constnictioao  aplUsima  Molftrum  alatftruin  diip.  Norj 
Cora.  Acad.  Petrop.  lom.  4,  1752. 
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M^oire  dans  leqnel  on  prouve  que  les  Anbes  de  Roues  mucs  f 
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Manuel  du  Meunicr,  et  du  Constructeur  des  Moulins  h.  Eau  et  k  Grains,  par 
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WINDMILLS. 

Thb  windmill  deriyes  its  name  from  the  motion  it  receives 
from  the  impulse  of  the  wind. 

The  date  of  its  invention  is  not  precisely  known^  though 
authors  generally  concur  in  believing  it  to  have  taken  place 
at  no  very  distant  period  of  time.  Some  state  it  to  have 
been  first  used  in  France  in  the  sixth  century :  others^  on  the 
contrary,  assert,  that  at  the  lime  of  the  crusades  it  was 
introduced  into  Europe  from  the  east,  where  scarcity  of 
water  gave  the  impetus  that  led  to  its  discovery. 

Windmills  are  of  two  kinds,  horizontal  and  vertical. 

THB    VERTICAL  WINDMILL 

Consists  of  a  strong  shaft,  or  axis,  inclining  a  little  upwards 
from  the  horizon,  with  four  long  yards,  or  arms,  fixed  to  the 
highest  end,  perpendicular  to  the  shaft,  and  crossing  each 
other  at  right  angles.  Into  these  arms  are  mortised  several 
small  cross-bars,  and  to  them  are  fastened  two,  three,  or  four^ 
long  bars,  running  in  a  direction  parallel  with  the  length  of 
the  arms;  so  that  the  bars  intersect  each  other,  and  form  a  kind 
of  lattice  work,  on  which  a  cloth  is  spread  to  receive  the  action 
of  wind.  These  are  called  the  sails,  and  are  in  the  shape 
of  a  trapezium,  usually  about  nine  yards  long  and  two  wide. 

As  the  direction  of  the  wind  is  very  uncertain,  and 
perpetually  changing,  it  becomes  necessary  to  have  some 
contrivance  for  bringing  the  windshaft  and  sails  into  a 
position  proper  for  receiving  its  impression.  To  effect  this, 
two  methods  are  in  general  use :  the  one  called  the  post-mill ; 
the  other  the  smock-miU. 

POST-MILLS. 

In  the  post-mill  it  is  accomplished  by  driving  perpendicularly 
into  the  earth  the  trunk  of  a  strong  tree,  that  is  held  securely 
upright  by  several  oblique  braces,  which  extend  from  a 
platform  on  the  ground  to  the  middle  of  the  tree,  leaving  10 
or  12  feet  of  the  upper  part  free  from  the  braces.  The  part 
thus  left  free  from  obstruction  is  rounded,  and  made  to  pass 
through  a  circular  collar,  formed  in  the  flooring  of  the  lower 
chamber,  and  to  enter  into  a  socket  fixed  into  the  flooring  of 
the  upper  chamber,  and  to  one  of  the  strongest  cross-beams, 
which  must  sustain  the  whole  weight  of  the  mill-house,  so 
that,  by  means  of  a  pivot,  or  gudgeon,  fastened  on  that  part 
of  the  post  which  enters  into  Uie  socket,  the  whole  machine 
can  turn  about  horizontally  to  face  the  wind.    A  strong 


,  united  by  joints  to  the  back  part  of  the  raill-house, 
in  a  sloping  direction  till  it  touches  the  ground; 
bottom  of  it  is  very  lieavy,  and  is  fastened  by  cordu  to 
some  short  posts  that  are  driven  in  a  circle,  at  regular  intervals 
round  the  mill,  to  prevent  the  mill  from  turning  about  at 
CTery  sudden  squall.  This  framing  is  furnished  with  steps 
to  serve  as  a  ladder  of  ascent  or  descent*  At  the  bottom  of 
It  a  rope  is  fastened,  and  carried  thence  in  an  inclined  position 
to  tiie  top  of  the  mill,  where,  by  a  lever  or  tackle  of  pullies, 
il  caii  be  shortened  so  as  to  raise  the  framing  from  the 
ground,  and  then  by  pushing  against  it,  in  the  manner  of  a 
fcfcr,  the  whole  mill  may  be  turned  in  any  required  direction. 
To  obtain  more  force,  a  small  capstan  is  often  provided  to 
4lniw  a  rope  fixed  to  the  end  of  the  ladder :  this  capstan  is 
Quf  able,  and  can  be  fastened  at  pleasure  to  any  one  of  the  posts. 

Tlw  intcni:*!  nicchanwra  of  a  post-mill  is  pxhibited  in  fig.  123.  W  X  Y 
lib  upper  chamber;  X  Y  Z  the  lower  one;  A  B  the  shafts  or  axis,  wiUi  the 
cME'wiioE'l  G,   moving  rouud   ia  order  of  the  letters  that  dejicrlbe  the  sails 

H.F,  gvvmg  motion  to  the  lantern  H,  and  its  spindle  IK;LM  is  a 
>  to  support  the  «aid  spindle ;  and  N  and  O  P  are  beams  to  susiaio 
lAc^-.     Tl»e  top  milUstone  Q  is  the  only  one  that  moves,  and  i&  fixed 
I  K  by  a  piece  of  iroo^  called  the  rynd,  let  in  at  tlie  lower 
jine;  the  lower  tnill-stone  H,  ia  somewhat  larger  than  the 
Tlkk:  corn  is  put  into  the  hopper  S,  and  runs  from  thence  along  the 
T;  the  j^indle  I  K,  bein§!   square,  shakes  in   its  revolutions   U)e 
T,  and  causes  the  com  to  fall  tlirotigh  the  hole  V  between  (he  stones, 
it  b  ground;  the  flour  then  paisses  through  llie  tunnel  oA,  and  is 
drpotited  in  the  chest  <;;  dels  ti  string  going  rouud  the  pin  d^  and 
J  to  diTW  tlie  spout  T  nearer  to,  or  fartlier  from,  the  spindle  1  K,  thai 
tWcom  may  be  made  to  nin  out  either  faster  or  slower,  according  to  the 
Ttloedj  of  the  wind  ;  fg  and  hi  are  levers,  whose  centjes  of  motion  are/ 
Md  ■  I    •  In p  is  a  card  going  about  the  pins  I  and  n  to  wind  up  and  raise 
IW  flaiMT  Q,     By  btann;r  down  the  end  rk,  gh  raised,  which  raises  the 
Mffpradicutuf  NO,  the  perpendicular  raises  the  cross-beam  O  P,  Uie  cross* 
b^ai  lh«  bridge  LM  and  the  spindle  I  K,  together  with  the  upper  mill^ 
i^  ao  that  Lh«  stones  can  he  set  at  any  required  distance  apart.     Tlie 
drawti  up  to  the  top  of  the  mill  by  means  of  a  rope  rollea  about  tlie 
B;  f  r  u  a  ladder  for  ascending  to  the  liighcr  part  of  the  mill.     A 
grxipe  of  pliable  wood  is  fixed  at  one  end  Sy  and  at  the  other  tied  to 
lever  Ir*  movable  about  at  w,  which  being  pressed  down  stops  the 
^Mioft  of  ihe  mill  at  pleasure.     \^lien  Ihe  wind  is  great,  the  sails  are  only 
it  part,  or  on  one  side  covered,  and  sometimes   only  one-half  of  two 

rnlt'  Kails.  The  same  shaft  can  have  another  cog-wheel  fixed  to  ihe 
B,  wjtJi  trundle  and  mill-stones  similar  to  those  already  described : 
%y  wlucii  (octans  the  shaft  can  turn  two  pair  of  stones  at  once;  and  when 
Mir  pair  only  is  wanted  to  grind|  the  lantern  H  and  spindle  I  K  are  taken 
m^  uvm  th«  other. 

SMOCK-MILL. 

*MB  other  method  of  brini;ing  the  windshaft  and  sails  into 
jiliof*  proper  for  reccinng  the  impreiision  of  the  wind  is^ 
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by  what  is  called  the  smock-mill.     This  mill  is  more 
sive  in  the  construction,  and  more  decidedly  ad^iiutj 
as  it  can  be  made  of  any  required  dimensions.     It  Is  bi 
the  form  of  a  round  luiTet,  having  at  the  top  of  it  a  W( 
ring  with  a  groore  in  it,  furnlslied  with  a  number  of  h 
truckles,  kept  equi-distant  from  each  other  by  their 
pins  being  fixed  into  a  circular  hoop.     Into  this  grooi 
thiming  of  the  upper  or  movable  part  of  the  mill,  w! 
railed  the  head,  or  cap,  enters,  and  a  very  slight  poi 
alone  sufficient  to  tuni  it  about  that  the  sails  may  recfii 
action  of  the  wind.     The  head  or  cap  is  very  ingeni^ 
contrived  to  turn  itself  about  whenever  the  wind  cl 
by  a  small  pair  of  sails,  or  fans,  fixed  up  in  a  frame 
projects  from  the  back  part  of  the  head. 

rig.  1243,  a  the  fans,  hadngr  on  its  axi$  a  pinion  of  10  Ic^n^ 
pifes  motioB  to  a  cog-wheel  of  60  teeth  c,  its  axis  rf»  and    i 
12  teeth  jvt  the  lower  end  ?,  turning  a  bevelled  wheel  of  72  leelli/,  ;v  ?| 
iron  shaft  ^,  having  a  piuion  of  M  teeth  A,  that  works  in  a  ciirl* 
cogs.    Therefore,  wlieuever  the  wind  changes,  it  acts  obli  ^    '- 
•vanes  of  the  ftin,  and  turns  it  round,  which,  giving  an 
conneilint?  roachinery,  brings  the  main  shaft  of  th"  «^^'i^  ^^i' 
the  direction  of  the  wiod.    The  method  of  ihb 
fimsjhavm)^  received  the  action  of  the  wind,  turn  , 

to  leaves,  that  is  upon  its  axis,  gives  motion  to  tliu  cog-wheel  ol 
c,  fixed  on  an   incUned  axi^  which  has  at  the  lower  end  the   pit 
12  leaves  c,  acting  upon  the  bevelled  wheel  of  72  teeth /»  fiited  on  a 
iron  jjxiif,  and  givioy:  motion  to  the  pinion  of  1 1  teeth  A,  thnt  works  in  I 
circle  of  V20   cogs      A  B  two  of  the  sails  (the  other  two  being  1 
cannot  be  aeen)  fixed  on  an  iron  shalt  or  axis  C  D,  by  screwing 
an  iron  cross  formed  at  one  end  of  it.     Upon  tliis  shaft  is  the  cog-w1 
that  act's  upon  the  lantern  F,  fixed  on  a  strong  vertical  shaft  extcndiOL 
'  4he  lop  to  the  bottom  of  the  mill,  and  having  on  the  lower  eml  the 
^^heel  I  if  giving  motion  lo  the  two  opposite  pinions  k  A,  which  turn 
spindles  and  the  niill-stones  GIL     A  wheel  is  fixed  on  the  main  axi 
to  five  action   to  the  pinion  on  the  horiiontal  roller  wi,  which  has 
wrapped  about  it  to  wind  up  the  sacks  of  com.     The  same  wheel 
another  liorizontal  axis  that  has  several  wheels  to  receive  endless 
turtiing   the   bolting  <ind  dressing  machines.     On  the  middle  pi 
vertical  shaft  K  L  is  the  wheel  I,  which  turns  the  roller  m.  lo  draw 
Mcks  of  com  from  llie  lower  part  of  the  mill,  which  is  used  as  a  stoi 
bcint;  divided  into  fia  many  compartments  as  the  miller  may  reqi 
the  mill-stone  spindle   is  attached  a  pair  of  reguUting  bft!ls»  to 
velocity  of  ibt*   rnjll,      For  th^    ..i  .nT...r  f>f  applying  i]v-   ^^^ 
tig.  125,  /a  spindle,  on  w'hich  1  pinion  *»  playn 

wheel  riiat   is  attached  to  the  ^  ;  sft :  TlunoMer\^M 

enter*  into  a  ^iquare  formed  on  the  top  ot  *  ne  axis  ai  m  t  tmi 

liiutely  beneath  the  piuion  two  iron  rod*  .  brndtuc  downw* 

lluviiig  a  hetivy  iron  bitll  00  Ai^tened  to  Ihe  «crud  ol  euch;  1 
•Itarhod  two  bnks  nt  pp^  to  tutp^nd  n  I'olhr  r:ip;ihlp  ol 
'I    '    '  ^  I  by  a  forK,  forji 

.rtum  </  ;  rill 
liwl  intcd  in   iiw  rvTniU''  <  n>i  ui  nu   Mef  ivis'j.  ,ih(i  ii.iviug  at  iht  bill 


it  witli  the  lever  »,  wlinsii  I'ulcnun  is  t  »•  this,  by  nivans 
•uspeuds  ODC  end  of  the  bridge  on  which  the  lower  pivot  of 
Mone  rest*,  the  oiher  end  bearing  on  a  fulcrum,  or  centre. 
Whenever  tbe  mill  aciiuirts  velocity,  the  iron  balls,  by  llicir  centnfij(^ 
fant^  will  fly  out.  ai^  elevate  tbe  collar,  which,  acting  upon  tbe  connecting 
piftf,  will  let  the  upper  miH-f.tone  down  nearer  fo  the  lower  one,  and  the 
reutance  or  frictioa  thus  caused  will  counteract  tbe  increased  velocity  of 
the  «vmd.  Od  the  contrary,  if  the  wind  decreaijes,  the  balls  will  fall 
lpirud$  eicb  other,  and  let  down  the  sliding  collar,  which  will  raise  the 
l«|>  iDiUwitoue,  and  by  increasing  the  distance  between  it  and  tlie  lower 
ooe  cause  the  mill  to  acquire  greater  velocity.  For  this  purpose  a  weight  v 
b  huitj^  U{ion  the  steelyard,  sufficient  to  raise  the  stone  whenever  the 
daecttt  of  the  collar  will  permit  it  so  to  do.  Several  notches  arc  cut  into 
ill  iNclyard  for  different  positions  of  the  fulcruca  q  and  i-od  r,  to  regpulate 
■art  effectually  the  motion  of  the  machinery.  For  instance,  if  the  wind 
ibtutti  blow  »<ironger,  and  the  mill  go  slower,  contrary  to  the  effect  expected, 
il  draws  that  ihe  regulation  is  too  strong  :  to  remedy  this,  the  leverage  of  the 
baOi  mu!»t  bv  increased  by  reducing  the  distance  between  the  fulcrum  q 
ttd  the  rod  r,  by  shilling  either  of  them  into  different  notches.  On  the  other 
^od»  if  the  velocity  of  the  mill  should  increase  witii  the  velocity  of  the 
wind,  it  »huws  that  the  regulation  is  not  strong  enough,  and  thm  the 
fidcmm  f  and  the  rod  r  must  be  set  a  greater  distance  apart.  Sometimes 
It  hotppeiM  tiiat  the  whole  limits  of  the  notches  on  the  steelyard  is  insuffi- 
'  10  ^ectuate  the  desited  object ;  in  such  case,  the  acting  length  of  ihe 
##  must  be  increa&ed  or  diminished  by  removing  the  fulcrum  Mo  a 
or  lei«  distance  from  the  suspended  rod  r. 


la  6g.  126  is  shown  the  construction  of  the  horizontal  abaft  or  axis  that 
beaa  tliv  ftaiU.  It  is  an  octagonal  iron  shaft,  having  two  cylindrical  necks, 
emd  d^  where  it  rests  upon  its  bearings.  At  the  end  it  has  a  kind  of  box 
rtirti  bam  two  mortises,  e  andy,  through  it  in  perpendicular  directions,  to 
mg^v^  th«  mils.  At  the  back  of  one  of  these  mortiaes^  and  the  front  of  the 
•dbr,  a  projecting  ann  is  left  in  the  casting  to  receive  screw  bolts  for 
laMsoU  ihe  sails  sectire  in  the  mortises.  Tlie  sails  are  braced  to  each  arm 
fcjr  m  fOf«  stay,  proceeding  from  the  end  of  a  pole,  fixed  at  the  end  of  the 
11.9.  Each  sail  is  formed  of  a  sail  cloth,  spread  upon  a  kind  of 
work,  similar  to  that  described  under  the  head  of  Post-mil L  Tlie 
|tet  pi  tht»  frame  is  inclined  to  the  plane  of  the  saiTs  motion,  at  such  an 
wiric,  tbt  the  wind  blowing  in  the  direction  of  the  axis  act!^  upon  the  sail* 
mxoAwi^  pbne&,  and  turns  them  about  with  a  power  pronortiunatc  to  the 
tisr  of  ibe  cull  and  the  forte  of  the  wind.  The  cog-wneel  is  6«ed  on  the 
ciaby  bolttnij  its  arms  against  the  stanch  marked  C.  The  mill-atones  arc 
4ht  cme  •»  those  described  under  the  head  of  Flour*mill. 

Pkrenti  Eulcr,  and  other  geometricians  have  written  much 
o^ii  the  nature  and  construction  of  wmdmiUs;  but  att  we 
cmiider    '  ents  and  researches  made  by  our  own 

country  1  to  be  ffur  superior  in  point  of  practical 

utii  -ent  ourselres  with  giving   hiH  opinion 

II.  ^  _  nitude,  and  position  of  tbe  saila. 

By  Mr.  bmealon  s  experimentB  it  appears,  that  when  the 
mal%  were   Hct  at  the  angle  of  55  degrees  with  the   axiSy 
;fnipo«cd  ai»  the  best  by  M.  Parent  and  others,  they  were  the 
duadvautageous  of  any  that  were  tried  by  him. 
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Oil  increasing  tJie  angle  of  the  sails  with  the  axis  frtmi  7 
to  75  degrees,  an  augmentation  of  jwwer  was  produced 
the  ratio  of  31  to  45,  and  this  pro\"es  to  be  the  angle 
commonly  in  use  when  the  surfaces  of  the  sails  are  plani 

If  nothing  more    were    recjuisite  than  to   auikc    the 
lAcquire  motion  from  a  state  of  rest,  or  to  prevent  it 
^passing  into  rest  from  a  stiite  of  motion,  the  position 
mended  by  M.  Tarent  would  be  the  best;  but  If  the 
intended,   with   given   directions,   to   produce  the 
llfect  possible  in  a  given  time,  we  must  reject  M, 
position;  and,  if  use  be  made  of  planes,  confine  our 
within  the  limits  of  72  and  7^  degrees  with  the  axis. 

The  variation  of  a  degree  ortw<»in  the  angle  makes  very! 
difference  in  the  effect,  when  the  angle  is  near  upon  the 

Mr.  Smeaton  made  several  experiments  upon  a  large 
and  found  the  following  angles  to  answer  as  well  ivs  any. 
^he  radius  is  supposed  to  be  divided  into  tix  parts,  and  one-] 
eixth,  reckoning  from  the  enitro,  is  cidlcd  one,  the  extremityj 
being  denoted  six. 

J(o.  tilt  ill.,  jiIjuc  of  ih(  in<.ti»tri. 

1  ,,----      7.:"  ^      ^     ^      -     -     -  18 

2  -  .     -  19 

3  -  -    -  la  niiddir 

4  -----     74 16 

5  -     -    -  '  774  - ISf 

6------8S -      7  extr» 

Having  thus  obtained  the  best  position  of  the  b.u 
manner  of  weatherbg,   as  it   is  called   by   the   workmen. 
Mr.  Smeaton  next  proceeded  to  try  what  advantage  could 
made  by  an  addition  of  surface  upon  the  saaie  radius, 
ijresnlt  was,  thai  a  bniailer  sail  recjuires  a  greater  angle  | 

hat  when  the  sail  is  broader  at  the  extremity  than  m 
[centre,   this   shape   is   more   ad^^antageous   than   that   of 
jandlelogram.     The  figure  and  proportion  of  the  enl:ir-^i'd 
^fifuls  he  found  to  answer  best  upon  a  large  scale,  ^v 
fextreme  bar  is  one-third  of  the  radius,  or  whip,  and  ih  .wviu».il.i 
by  the  whip  in  the  proportion  of  3  to  5.     The  triangular, 
leading  sail,  is  covered  with  board,  from  the  point  downwardf 
one-third  of  its  height,  tlie  rest  with  cloth  a**  usutd.     "" 
angles  mentioned  in  the  preceding  article  are  found  to 
best  for  the  enlarged  sails  also ;  for  in  practice  it  U  fe 
that  the  sails  had  better  have  too  little  than  Iixj  much  wind.1 

Many  persons  have  imagined  tliat  the  more  sail  the  gre:ite| 
the  advantage,  and  have  therefore  proposed  to  fill  up  lh< 
wiiole  area,  and  by  making  eiich  sail  a  sector  of  an  eUipnif 
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ng  to  M.  Parent,  to  intercept  the  whole  cylinder  of 
and  thereby  to  produce  the  greatest  effect  possible : 
bat  from  our  author's  experiments  it  appears,  that  when  the 
^urfece  of  all  the  sails  together  exceeded  seven -eighths  of 
Btbe  circular  area  containing  them,  the  effect  was  mther 
Bfiniuiiihed  than  augmented;  and  consequently,  he  concludes, 
^H^  when  the  whole  cylinder  of  wind  is  intercepted,  it  does 
HK^  then  prciduce  the  greatest  effect  for  want  of  proper 
Binterstices  to  escape. 

"     **  It  is  certainly  desirable,'*  says  Mr,  Smeaton,  *^  that  the 

jcilliv  of  windmills  should  be  as  short  as  possible,  but  at  tlie 

sAuie  time  it  is  equally  desirable  the  quantity  of  cloth  should 

^  be  the  least  that  may  be,  to  avoid  damage  by  sudden  squalls 

Hof  wind.     The  best  structure,  therefore,  for  large  mills,  is 

^  Itat  w  here  the  quantity  of  cloth  is  the  greatest  in  a  given 

drtile  that  can  be:  on  this  condition,  that  the  effect  holds 

out  in  proportion  to  the  quantity  of  cloth ;  for  otherwise  the 

effect   can    be   augmented   in   a   given   degree  by   a   lesser 

increase    of  cloth   upon   a   larger    radius,    than    would    he 

required  if  the  cloth  were  increased  upon  the  ^ame  radius." 

The  mtios  between  the  velocities  of  \vindmill  sails  unloaded, 
nd  when  loaded  to  their  maximum,  turned  out  different  in 
diilcrent  experiments,  but  the  most  general  ratio  of  the  whole 
Has  as  3  to  2.  In  general,  however,  it  appeared,  where  the 
pwer  %raa  greater,  whether  by  an  enlargement  of  surface,  or 
4  greater  velocity  of  the  wind,  that  the  second  term  of  the 
niUi>  wan  less. 

T  between  the  greatest  load  that  the  sails  will  bear 

wit.  I'plng"?  <>r  what  is  nearly  the  same  thing,  between 

the  least  load  tliat  will  stop  the  sails,  and  the  load  at  the 
nas^mum,  were  confined  between  that  of  10  to  8,  and  of  10 
to  9;  and  at  a  medium  about  10  to  8.3,  or  of  6  to  5;  though 
it  a{>|»e£r<ed  on  the  whole,  that  where  the  angle  of  the  sails  or 
quantity  of  cloth  was  greatest,  the  second  term  of  the  ratio 
waaVeM^ 

ITie  following  maxims  have  been  deduced  by  Mr.  Smeaton 
from  his  experiments : 

Harim  1.  Tlic Ttlocity  of  the  windmill  sails,  whether  unloaded  or  loiided, 
oo  M  to  produce  &  maximum,  is  nearly  as  ihe  velocity  of  Uie  wind,  their 
•liwc  w>a  motion  being  ihe  same, 

ilmsim  3.  The  lo^d  at  the  majrimum  is  neaily,  hut  some'what  less  than, 
!■  tht  square  of  the  velocity  of  the  wind^  the  shape  and  posiuon  of  the 
Bih  being  the  niiine. 

Um^lm  3.  The  effects  of  the  i^ame  sails  ^i  a  maiimum  are  uearly,  but 
iwtwlimt  \m  than,  as  the  cubes  of  the  velocity  of  the  wind. 

Majtim  4.  The  load  of  the  same  sails  at  the  rouxitnum  i^  nearly  u  Ui« 
iptiia,  ft&d  thejr  (?ffrtiji » the  cxihe^  of  their  number  of  turns  in  a  given  time. 
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^ftLTtm  5.  Whfti  the  sa,ils  »re  loatleti  so  as  to  pioduee  ^ 
|fiv*n  tulocity,  and  Uie  velocity  of  ihe  wind  increases  tiic 
lh«   Karne:  first,  thti  increase  of  effect,  when  the  tncieate  •  < 
the   wind   is   •imall^r,  will  be  nearly  sis  the   itquctres  of  i 
J<^cond!y,   when  I  he   velocity   of  the  wind  is  double^   th«  riivr\\  yriU 
ttitly  as  10  to  '274;  but  thirdly,  when  the  velocitie*  compared  arr 
tliiLQ  doubltf'  of  that  where  tlie  given  load  prixloces  a  maximum,^  ibe 
lucreajse  neurlv  in  a  simple  ratio  of  the  Telocity  of  the  wijud, 

Masim  6.  If  ssiils  are  of  a  similar  figure  and  position^  'i"»  "M»nl 
turns  in  a  ^yen  time  will  be  reciprocally  as  the  radius  or  It-r 

Ma:rim  7.  The   load  at  a   maximum  that  sails  of  a  sni^ 
position  will  OTercome,  at  a  given  distance  from  the  centre  q( 
be  as  the  cube  of  tlie  iiidias. 

Marim  f5.  Tlie  effect   of  sails  of  similar  figure  and  posttioo  u 
square  of  the  radius. 

Atasim  9.  The  velocity  of  the  extremity  of  D  ;    '       "  11 

enlarged  sails,  in  all  their  usual  positions  when  ui  U 

maximum,  are  considerably  quicker  than  U»e  vtlin.i.y  ..r  nu  ^imd 

Mr,   Ferguson   remarks,  that  it  is  almost   incredit 
think  with  what  velocity  the   tips  of  the  sails  move 
acted  upon  by  a  moderate  wind.     He  several  times  count 
the  number  of  revolutions  made  by  the  sails  in  10  or 
minutes  ;  and,  from  ihe  length  of  the  arms  from  tip  to 
has  computed,  that  if  an  hoop  of  the  same  size  were  to 
upon  plain  ground  with  equal  velocity,  it  would  go  upw 
of  30  miles  in  an  hour* 

RULES    FOR    MODKLLTNG   THE   SAILS   OF   WINDMILLS, 

Fig.  127  is  a  front  view  of  one  of  the  four  sails  of  a  windmi] 
'Hie  letters  of  reference  will  serve  to  exphiin  the  terms  mac 
use  of  in  the  foUomng  description: 

1.  The  length  of  the  arm,  or  whip  A  A,  reckoned  from  the  centre  of 
great  shaft  B  to  the  outermost  bar  19,  govems  all  the  rest. 

2.  The  breadth  of  the  face  of  the  whip  A,  next  the  centre,  i«  on*^thtrtt 
of  the  length  of  the  whip,  its  thickness  at  the  same  end  t 
the  breadth,  and  the  back-side  is  made  parallel  to  the  t 
lesgth  of  the  whip,  or  to  the  tenth  bar;  tlie  small  end  of  (he  \vriip  iv  mjuat 
and  at  ilJ  end  is  one-sixtieth  of  ihe  length  of  the  whip,  or  half  llie  brtiat 
at  the  gi'eat  end. 

3.  From  the  centre  of  the  shaft  B  to  the  nearest  bar  1  of  the  lattice. 
crae-»eventli  of  the  whip ;  the  remaining  space  of  six-sevenths  of  iht. 
is  equally  divide*!  into  19  spaces,  so  as  to  make  19  barsi  one-ninth 
of  these  spaces  if  equal  to  the  mortises  for  the  bars,  the  tenon*  ofl 
■igi  maile  square  where  they  enter  and  go  through  the  winp,  and 
^■mtly  the  mortises  must  be  square  also. 

4.  To  prepare  llie  whip  for  mortismg,  strike  a  gage-score  at  about 
fourtlis  ol  an  inch  from  the  face  on  each  side,  and  the  gage-score,  on 
leading  side  4,  5,  will  give  the  face  of  all  the  bars  «  r-   ''    "       '      'nji 
the  other  side,  the  faces  of  all  the  bars  will  fall  dcep< 
according  to  a  certain  rule.     To  find  tht?  space  to  be  si  ,    ...  u...  -..,  ^.^ 
fpt  eacli  bar.  coi  -jIo  in  the  fuUowmg  maimer: 

^.  Eiicnd  ihr  -)  to  any  distance  it  pleasure,  so  that  m 


may  be  greater  tliAn  the  breaddi  of  the  whip  at  the  feTecth  btr  • 
r  moa  off  upon  x  strwjfht  line  for  m  bise,  at  the  OMi  of  which 
a  pcfpradscoUr ;  set  off  three  spaces  upon  the  peipendicular,  and  divide 
two  spaces  that  are  6mhest  iirom  the  base  line  loio  six  equal  partj  each, 
qoantity  of  two  spaces  may  be  equally  divided  into  12  spaces^ 
out  by  13  poinU^  from  each  of  these  points  draw  a  line  to  t).e 
end  of  the  ba»e»  as  so  many  rays  to  a  centre,  and  the  scale  is  fioished. 
^  To  apply  this  scale  to  any  given  case,  set  off  the  breadth  of  the  whip 
at  the  last  bar,  (that  is,  the  bar  at  the  extremity  of  the  sail,)  fttsm  the 
MllllL  of  tbe  sc^e  along  the  base  towards  the  perpendicular;  and  at  this 
HiBt  fiase  a  perpendicular  to  cut  the  ray  neatest  to  the  base  ;  also  set  off 
at  breadth  of  the  whip  at  the  seventh  bar  in  tlje  same  manner^  and  at  this 
Migt  erect  amither  perj^tendicular  to  cut  the  thirteenth  radius.  From  the 
iattiMi^timi  of  the  perpendicular  (drajrn  upon  the  breadth  of  the  last  bar) 
inib  tbe  finx  of  the  thirteen  radii,  to  the  intersection  of  the  other  pcrpendi- 
ealar  witb  the  thirteenth  radius,  draw  an  oblique  line  cutting  all  the  rest» 
aai  die  dtttaoces  of  each  of  tkese  last-mentioned  points  of  intersection  fmm 
Urn  base  line  it  the  space  which  the  face  of  each  bar  is  distant  frr-m  the  gage* 
&•  oo  the  driving  side. 

f,  Tbae  distances  ^ve  a  difference  set  off  for  each  bar  till  the  seventh, 
aUdi  wmut  must  be  set  off  for  all  the  rest  to  the  first. 
<L  Tbeae  ntortises  must  be  square  to  the  leading  side  of  the  whip. 

9.  When  the  mortises  are  cut,  let  the  face  of  the  whip  be  sloped  off  so  as 
to  tgree  with  the  fnce  of  the  bars  in  every  part. 

10.  Twt>fifVlis  of  the  whip  are  the  length  of  the  last  or  longest  bar, 

11.  Fiv«<eis;hthi  of  the  longest  bar  must  be  on  the  driving  side  of  the 
■hn^  and  three-eighths  on  the  leading  side,  each  being  reckoned  from  the 
Wdia  of  the  whip. 

tS.  Tlse  proportion  of  the  mortises  already  given  determines  the  sice  of 
ife  faui  al  the  mortises^  but  their  tliickness  must  be  diminished  each  way, 
10  as  to  be  only  one-half  at  the  ends ;  but  the  face  must  be  kept  of  equal 
bicailili  an  iW  wuv. 

la.  Tbf  ^e  goes  no  farther  than  the  fourth  bar,  and  there  only 

pn^fcU  or  ibe  projection  of  the  last  bar. 

14.  All  the  iMit^  on  tlie  driving  side  are  made  hollowing  in  the  arch  of  a 
tarrif,  whidt  begins  to  spring  one-third  of  the  length  of  the  bars  on  the 
dtifiiMr  aide  from  the  whip;  and  the  sweep  is  such,  tliat  if  a  straight  line  be 
anpbtd  to  tbe  face  of  the  bar  from  the  whip  to  the  end,  the  face  of  the  bar 
muul '  '  '       '    itrht  line  about  the  breadth  of  the  bar, 

1.'.  be  ihrce  uplongs,  as  3,2, 10, to  the  drivini^,  and 

two  kj  V4x«:  t«P4.*uig  :..u€,  as  5, 4,  to  strengthen  the  lattice.  Dr.  Kees's  Ctfclopadia. 

Mr.  Richard  Hall  Gower,  a  gentleman  in  the  sea-service  of 
tbe  Bait  India  Company,  hrtfi  made  some  judicious  experiments 
with  a  view  of  determining  the  proper  angles  of  weather  which 
ought  Co  be  given  to  the  Taoes  of  a  vertical  windmill :  hii 
genend  coocluaion  is,  that  each  Tane  should  be  a  gpiral^  gene- 
nled  by  the  circular  motion  of  a  radius,  and  of  a  line  moving 
it  right  angles  to  the  plane  of  a  circtilar  motion.  The  con* 
itrurfirm  he  deduces  from  hia  inquiries  i&  simple,  being  this: 

1  :h,  breadth,  and  angle  of  weather  at  the  extremity 

«f  a  <  ing  given  ;  to  determine  tbe  angles  of  weailier  at 

AScrtnt  distanced  from  the  centre. 
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Let  AB,  fig.  1'20»  be  the  lengtlHVPvfttie ;  BC 
J\C  D  the  angle   of  the  we^tiier  »t  the  exlreinity  of  the  ?afl^, 
20  degrees.     With  the  length  of  the  vane  A  B,  auJ'breadUi  BC,  * 
t^•i  isosceles  triangle  A  B  L  :  from  the  point  li  draw  B  D  pcrpimdh 
C  B,  then  B  D  is  the  uropec  depth  gf  the  vane. 

Divide  the  line  A  B  into  any  number  of  part*,  (five  for  i:  a] 

divisions  draw  the  lines  I  E,  2  F,  ZG,  and  4  H,  parallel 
aho»  from  the  pointa  of  division  1,2,  3,  and  4,  draw  llie  li 
and  4  M,  perpendicular  to  1  E,  2F,  3G,  Sec.  all  of  then, 
td  BD.    Join  El,  FK,  GX^  and  HM:  then  the  an^  ...    .  i 
•jG  L,  and  HM,  are  the  angles  of  weather  at  tho*e  diviston*  of 
and  if  the  trianglei  be  conceived  to  stand  perpendicular  to  the  pli 

1)aper,  the  angles  I,  K,  L,  M,  and  D,  becoming  the  vertical  ^iij 
lypothenuse  of  tlxese  triangles  will,  as  before  sug^gesled,  give  a  pel 
«f  ihc  wcathenpg  of  the  vane  as  it  recedes  from  the  centre. 

METHOD   OF  CtOTHING  ASD  UT^CLOTHING  THE  SAILS  WHft^ 

MOTCOV, 

Mr*,,  John  Bvwater,  of  Nottingham,  took  out  a 
181M,  fop  a  method  of  clothing  and  unclothing  the 
winchnills  while  in  motion,  by  which  the  mill  rniiy  he  clot 
cither  in  whole  or  iu  part,  in  an  easy  Tiud  c:^pedlUo\i& 
hy  a  few  revohitions  of  the  sails,  whether  they  be  goi 
or  slow,  leaving  the  surface  smooth,  even,  and 
breadth  from  top  to  bottom;  and  in  like  manner  th< 
or  any  part  of  it,  may  be  rolled  or  folded  up  to  the 
plc^iiiure,  by  simple  and  durable  machinery, 

Fier.  130,   Nos.  1,  2,  3,  ar«  front  views  of  the  sails  &]»  uooloffaed^ 

oblhed,  and  clothed. 

Fig-  131,  a  ring  of  iron,  or  other  material,  about  4  inches  w-  }< 

HI  inch  thick,  whose  diffneter  must  be  sufficient  to  embrace  ih 
to  which  it  must  be  well  secured  by  the  stays  a  a. 

Fi^.  132,  a  bevelled  wheel,  without  anna,  made  of  ifon,  sltjtd  oal 
edge  of  the  ring  so  as  to  turn  easily. 

F»>,  133,  a  spur  wheel  of  iron,  without  arms,  made  to  turn  easily  on 
pin*  fixed  into  four  ears  bb  bit,  in  the  back  of  the  ring ;  which  piai 
tum«d  up  at  their  ends  to  keep  it  steady. 

Fig,  134  is  ODC  of  the  four  spindles  of  iron,  or  t^ltcr  tDiNn  .1.  vni 
fpur  not  a,  and   a  bevelled  nut  b;  this  spmdle  j'!-  131 

cr'cc,  and  the  nut  a  works  into  the  spur-wheel  as  ,  oj 

Tlie  four  bevelled  nuts  (ftp.  134)  work  into  llie  bevtlltd  Aviiiieis  at  \im 
of  four  cylinder*  •  i  f  I  fijr.  130^  No«.  I,  2,  3,  and  so  turn  thfm 
of  these  spinrll  '       '  'nn  the  others  when  t^ 

flush-     Thest  of  wood   of  about   : 

and  are  to  be  ^.i  i.,v«4  ru  uu  uui^njt!  of  f^    '-    '   ■  -     '-- 
which  the  clotli  is  rolled  (one  edge  hx 
when  the  sail   is  unclothed,     A  ^udetuii   ..^ 
nm»  iolo  an  iron  bstened  to  the  shaK^heacl»  >'■ 
nut  screwed  to  its  end.    The  otlier  end  has  i 
the  eye  of  the  cross  iron  A,  at  i  if  the  whi  | 

fimilar  to  iiii,  placed  on  Ih  l  whips;  _ 

clothe  the  sails,  by  means  of  ropes  oo  uo,  &C  nslened  tu thcro  ^nd  ihiM 
#f  tlu:  cloth.    Ai  the  end  of  each  of  these  fvur  cylmdert  a  nut  or 
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00ef,  to  wofk  into  the  bevelled  wheel;  fig.  132,  whose  toeth 
ifldcoe  from  the  cetitte  in  proportion  r%  these  work  from  it,  wfiich 
dedauiltoo  must  bt  reversed  wlien  tJie  sails  turo  in  the  contrary  way,  and 
ndgeocks  to  run  into  irons  either  projecting  from  the  ring  or  fastened  to  the 
Mift-lwad  like  the  other  cylinders.  The  gudgeons  g  keep  these  cylinders 
flirady  in  the  cross  iron  k  at  the  poiat  of  the  whips,  and  slays  of  any  shape 
or  number  will  keep  them  from  springing. 

Now,   suppose   the   mill   fully   clothed,  as  at  3,  all  the  parts  of  the 

■aduuery  revolve  with  it  unduturbed  untii  a  lever,  fig,   136,  which  is 

&t(en««J  to  the  braces  or  fencing,  by  the  centre  pin  a,  fig.  137,  on  which  it 

Isres,  and  whose  end  b  is  weighted  to  hang  down  towards  the  breast  of 

Ae  naitl,  is  brought  into  an  horizontal  direction  by  pulling  a  string  attached 

io  the  end  a  within-side  the  mill,  v^  hicb  end  b  stops  the  stud  A,  projecting 

I       from  the  inner   surface  or  back-front  of  the  spur-wheel,  fig.  135;consc- 

K  ^^otly  the  four  jpur-nftts  a,  at  the  end  of  the  spindle,  fig.  134,  and  seen  at 

^««aff,  fig.  135,  roll  round  the  spur-wheel,  and  the  bevelled  nuts  A  at  the 

othtr  end   of  the  spindle   work  into  the  bevelied  wheels  of  the  outiide 

f^lmders   ifii,  at   1,  3,  3,  in  a  straight  direction  behind  tjiem,  and  so 

Ivmiig  ihQ  cylinders  roll  ihe  cloth  on  them  till  it  is  rolled  up  to  the  whip. 

Hie  Irrer  is  then  driven  sideways  (its  spring  c  returning  it  again)  from 

lie  ftiftd  in  the  back  face  of  the  spur-wheel  by  the  following  contrivance ; 

A  »crew,  b,  fig.  138,  is  cut  on  the  gndgeon  of  any  one  of  the  cylinders 
behtnd  the  sail,  and  a  piece  of  iron,  e,  is  tapped  to  fit  it.  The  end  of  this 
iroQ  mns  into  a  slot  in  the  iron  d,  made  fast  to  (he  shail-head,  to  prcTent 
tk*  iron  c  from  turning  with  the  cylinder,  but  allows  it  to  slide  up  and 
i^jvfu  *o  as  to  prc!5A  on  ihnt  on  the  iron  a,  which  has  the  eye  in  it,  and 
r.-»#-^  ih#«  <?nd  a  jtisl  high  enough  to  drive  the  lever  aside  when  the  cloth 
b  nil  iji.  the  tlircad  of  the  screw  adjusting  it  to  what  number  of 

re?v.  choose  to  employ  for  that  purpose.    The  point-end  of  the 

inm  «,  (•  in;u  port  of  it  which  pushes  aside  and  passes  the  lever,  fig.  1 36, 
lad  BMHres  on  its  centre  c^  and  must  be  carried  under  the  spur-wheel  so  as 
tap  act  bditsid  it  for  that  purpose.  By  letting  go  the  string  the  miller  may 
H  nr  time  leave  the  cloth  on  the  sail  where  be  chooses,  likcwi&e  the  sails 
■By  iiHi*  f  !(jt!ied,  or  any  part  thereof,  by  a  lever,  similar  to  a,  stopping  tlie 
Mud  «Klge  of  the  bevelled  wheel,  fig.  132,  and  driven  off  in  a 

I      BiariT;  r  to  the  spur-wheeL 

H     F»|{,  l^y  w  a  stay  ot  wood,  fixed  to  tl»e  stock  or  whip  at  n  n  «  n,  1,2,  3, 

^■to  |i«0«inil  the  c^'liadeni  from  springing  too  much.     In  the  inside  there  is 

^■liik  room  enough  for  the  doth  to  be  rulled  upon  the  cylinder  through  its 

^bbi  ta  the  eye  of  tliis  stay.     In  order  to  keep  ihe  brings,  which  go  over  the 

^^■gf  of  the  shrouds  o  o  o  o,  &c,  tight  in  all  weathers,  a  cord,  patiting  over 

•  iprmg:  of  any  sort  or  shape,  placed  under  the  sail,  is  fastened  to  and 

iroind  about  the  upper  ends  of  the  cylinders,  in  a  direction  contrary  to  the 

Rhjigs  and  cloth.    To  prevent  the  strings  from  being  driven  downwards  by 

lib»  «f»nirtfugal  force,  a  ring  or  two  are  left  on  to  run  along  the  rods  in  the 

old  manner  us  p,  Nos*  2,  3. 

The  width  of  the  clotb^  diameter  of  the  ryllndcrs,  and 
mmber  of  revolutioos  you  choose  to  employ  to  roll  tip  your 
dotli,  must  determine  the  size  of  the  wheels.  In  order  to 
Ibid  the  cloth  in^cad  of  rolling  it,  one  end  of  it  must  be 
tutened  to  the  whip  and  Fines  passed  across  ^he  outside  of  it 
tllroii^  loop«  fastened  to  its  edge»  and  consequently  over 
Umc  edge  of  the  ^hroudfi,  and  connected  with  the  cylinder  or 

k2 


rwller,  of  txny  shape,  pkced  under  the  sail»  or  elsewhere, 
other   ends   of  the  fines  must  be  connected  with  the 
C) Tinder  or  roller;  and  when  the  cloth  is  drawn  up  in 
towards  the  whip,  so  much  of  these  lines  will  be  roll< 
the  cylinder  one  way,  and  off  from  it  the  other,  as 
sufficient  to  let  out  the  cloth  again  when  the  same  cyli 
turning  the  contrary  way,  draws  the  clotli  on  the  saiL 
this  mode  the  patentee  gets  rid  of  four  cylinders,  with 
appendages,  the  work  being  in  other  respects  the  same 
rolling  the  cloths ;  but  since  folding  gives  a  surface 
inferior  in   many   respects   to   rolling,   and   induces  iocoD* 
veiiicnres  and  accidents  from  which  the  rolled  surface  is  fr 
he  advises  the  rolling,  rather  than  for  a  small  saving  to  cndi 
the  inconveniences  of  folding. 

If  a  sudden  gust  of  wind  should  arise  in  the  absence  of 
miller,  so  as  txj  drive  the  mill  faster  than  a  given  velocity, 
pair  of  centrifugal  balls,  like  the  governor  of  a  steam  engine 
UKiy  be  so  placed  as  to  adjust  the  lever  so  tliat  It  mtl 
iumiediately  unclothe  itself, 

BAtNKs's    VJSIITICAL   WINDMILL   SAILS. 

Mr.  RoBBnT  Raines  Bainbs,  of  Mytoo,  Kingston 
Hull,  secured  to  himself  in  June  1815,  by  patent,  an  improi 
nient  in  the  construction  of  vertical  winihiiill  sail*. 

I'^ig.  140  represents  six  sails;  the  slocki  or  arms  marked  A  ar* 
as  us**d  for  comraon  vertical  windmills;  the  sails  marke<l  Bar. 
Qfttivajit  and  tiu»ten0d  to  the  front  sides  of  the  said  stocks  or  arms  sulkag  ti« 
edges  marked  a,  a,  and  to  the  rods  or  bars  marked  D*  at  or  near  tlie 
murked  />,  and  arc  also  extended  by  the  rod*  or  bars  marked  E,  wlu( 
iuserteil  iuto  or  fiied  to  the  backs' thereof,  and  by  rods  or  bars 
which  are  mserted  into  or  fastened  to  the  edid^es  of  ih;  -  --^  -  ' 
is  also  connected  by  a  bar  or  rod  marked  F,  as  ii 
With  the  nem  foilowini;;  sail.  The  shafts  or  rods  markui 
'ti»e  stocks  or  amis  marked  A,  at  or  near  rf,  rf,  by  loop*  or 
to  allow  them  to  move  as  hioffcs  do*  The  bars  or  rods  tnarkc 
them  connected  with  the  fchafta  or  rods  marked  C  by  a  Joint,  win 
allow  the  said  ban  or  rods  marked  D  to  move  from  the  wind  indep 
•fthe  shafts  or  rods  marked  C,  in  case  it  should  blow  against  the  back 
of  tjittaid  sails,  but  will  not  allow  the  said  bars  or  rods  marke<l  D  to 
I  from  the  wind  independent  of  the  said  shafts  or  rods  marked  C.  when  tht 
iirind  blows  against  the  front  sides  of  the  said  sails.  The  bars  or  rodt 
larke*!  F  connect  the  comers  marked  e  of  each  sail  with  the  corner  of  tlt« 
Utit  foHowinji  *ail  at  or  near  the  pomt  marked  ^,  leading  liehtnd  »odi 
IvUowiag  saiflf^aud  which  bars  or  rods  are  fastened  by  hooki,  or  othef  ^ 
B)eao9»  at  or  near  their  points,  bent  to  sni^  an  angle  that  if  the| 
^uld  blow  against  the  back  sides  of  tl«  said  sails  and  force  ibcm  for 
the  said  bar*  or  rods  will  be  unhooked  and  set  at  liberty  A  rim  or 
marked  G  is  filed  by  screws  or  otherwise  upon  the  said  stocks  ot 
marked  A,  fof  the  purpose  of  tupportms:  the  fulcra  or  props  rnarki 
At  I  ti  repr«*ented  the  head  or  end  of  t  rod  or  bo?  wluch  pat^^es  flu 
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of  the  uletree  of  the  mill,  and  to  i>ihicb  weight  may  be  applitd, 
m  Ike  msnoer  well  koown  to  mill-wrighis,  to  regulate  ihe  said  tails 
pjmvd»  or  from  the  wind.  The  bars  or  cranks  toajked  K  are  fixed  lu  the 
ibtft*  or  rods  m<trked  C,  at  such  an  angle,  and  id  such  a  raanoer  ;i5  willj, 
wIkd  and  as  ihey  are  acted  upon  by  the  lerers  or  bars  marked  L»  either 
MAr  the  nid  bars  or  nxls  marked  D  and  the  sails  to  recede  from  the  wind 
oltl  Che  said  sails  present  only  tlieir  edges  to  it,  or  wilt  force  the  said 
btif  or  rods  marked  D  towards  the  wind,  tinttl  diey  present  to  it  iKcir 
breadth.  TIjc  levers  or  bars  marked  L  are  connected  at  one  of  their  ends 
^th  the  head  of  the  afbiesaid  rod  marked  I,  and  at  the  other  ends  with  the 
Uus  or  craitkB  marked  K,  and  form  tempers  restinjir  or  acting  upon  the  fulcni 
Of  props  marked  li,  and  are  governed  or  regulated  m  their  action  by  (he 
■aid  todf  the  head  of  which  is  shown  al  I.  The  said  ixkIs,  bars,  cranks^ 
looMy  and  rim,  may  be  made  of  iron,  or  other  suitable  material  or  materialsj 
i&d  connected  al  their  proper  places  by  joints  or  otherwise,  fso  as  to  fix 
ihoB  or  allow  their  action,)  by  modes  well  known  to  mill-wrights. 

cvbitt's  method  of  equalizing  the  motion  of  the  sails 
of  windmills, 

Mk,  Wiluam  CuBiTT,  of  Noilh  Walaham,  Norfolk,  en- 
gineer, took  out  a  patent  for  this  inveotion  in  May  180/, 
which  the  specification  thus  describes: 

**  My  invention  consists  in  applying  to  windmills  an  appa- 
rEtim  or  contrivance  which  shall  cause  the  vanes,  constructed 
or  formed  in  a  new  and  peculiar  manner,  to  regulate  them- 
fclvcs,  »o  as  to  preserve  an  uniform  velocity  under  those 
circumstanceii  in  which  the  wind  would  otherwij^e  irregularly 
iiupcl  them,  as  is  the  case  with  the  sails  or  vanes  of  mills  of 
the  prcueot  construction*  1  accomplish  this  ohject  by  forming 
live  vatrt*!!  (for  the  sake  of  lightness)  with  fewer  cross  bars  or 
fchroude  than  in  the  common  method,  and  iitling  up  the 
temmniug  open  apace  with  small  flat  surfaces,  formed  cither  of 
boardfi  or  sheet  iron  painted,  or  any  other  fit  substance,  (though 
I  prefer  and  recomnjend  them  to  be  made  of  a  framing  of 
vuod^  covered  over  with  canvast>.)  1  hang  or  suspend  the 
lame  on  their  enths  by  guiigeona,  pivots,  centres,  or  any  other 
convenient  method,  so  as  to  open  and  shut  like  valves,  (for 
which  reason  1  sliall  hereafter  so  call  them,)  preferring 
lys  tu  have  the  centre  of  motion  as  near  the  upper  longi- 
edge  of  the  valve  as  possible,  as  shown  in  the  drawing, 
fig.  141,  which  exhibits  a  valve  detached.  I  apply  these 
to  vanes  of  tlie  present  construction,  by  suspending 
them  to  ihe  cross  bars  or  shrouds  of  the  vane  by  their  longi- 
tudinal edges,  fastened  thereto  by  joints  or  otherwise,  as  may 
be  preferred.  These  vaues,  constructed  of  valves  as  above 
^(scribed,  and  which  are  represented  in  the  drawing,  Bg.  142, 
pTCfCDt  a  greater  or  less  surface  to  the  wind,  according  as  it 
ttti  Willi  more  or  lesa  force  on  them ;  and  if  the  wind  be  very 
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strong  or  high,  the  valves,  by  its  impulse^  ^ould  tain 
sdgea  to  it,  and  their  surfaces  parallel  to  the  diirction  of  ihi^ 
wind;  tiie  vanes  would  consequently  remain   er  ur 

^t  least  have  but  little  motion;  but  to  obviate-  ^4i^ 

stance  taking  place,  I  apply  an  apparatus  which  eiuJi 
the  valves  always  to  present  their  flat  surfaces  lo  the 
or  such  portion  of  their  surfaces  as  may  be  desirable. 
apparatus  which  I  have  usually  appliea  is  exliibited  in 
drawings,  figs.  143  and  144,  which  last  figure  hhovrs  t 
modes  of  performing  this  object;  though  it  must  be  cvi 
that  various  other  means  may  be  applied  to  produce  the 
effect  on  the  valves,  and  I  therefore  do  not  mean  to  c 
myself  to  those  precise  modes  of  effecting  it,  but  conj 
unnecessary  here  to  detail  others,  as  the  examples  exliil 
in  the  drawings  fully  ascertain  the  sort  of  apparatus  req 
"  Fig.  142  represents  a  set  of  TaneSj  ia  whidi  A  A  show  the  v;il*ea 
to  the  wind,  and  their  surfaces  all  expo^^ed  at  rig;ht  ait^'ln^  »  kIi  v 
[£j>f  tlie  wind ;  B  B  eidiibit  the  TaoiCs  as  close  reeled,  or  : 
edges  to  the  wind,  so  that  it  can  have  no  etTect  upon  i 
edges,  which  must  be  trifling.     In  the  drawing,  tlie  vunes   i 
having  the  whip  down  the  middle,  with  thIvcs  on  both 
eTident  that  the  vanes  may  be  constnicted  wiUi  the  whi^i  ^  i 
usual  way,  and  have  values  on  one  side  only,  which  ia  the  ri"  I  '  >J  1 
adopt  in  applying  tliem  to  vanes  of  the  present  form. 

**Fig.  143  represents  a  side  view  of  the  apparatus  for  reguktiug 
valves ;  and  fig.  1 44  is  a  section  of  the  same,   exhilnting  two   Rielh< 
.of  performing  this   operation.     A  represents  the  shafu  which   is  hn 
t  through  its  centre  to  admit  an  iron  rod  B  to  pass  freely  Ihiuugh 
of  this  rod  is  made  to  turn  in  a  box  C,  which  is  fastened  to  » 
I  tack  D,  whose  teeth  take  into  those  of  a  pinion  B,  upon  the  axis  of  w| 
^a  sheave  F,  with   a  groove  on  its  circumference  to  receive  a  ro|>e 
»bich  is  huflff  a  weiglit,  shown  at  H,  fig.  143,  and  which  miwt  be  si  ' 
to  regulate  the  force  of  the  wind   upon  the  valves,  though  tio 
quantity  of  weight  can  be  herein  specified,  as  the  same  must  lie 
hy  experiment,  or  by  the  quantity  of  work  to  be  perfonm  '  '  . 
[On  the  top  of  the  rack  D  ia  a  roller  I,  which  serves  to  k' 
Hnion  in  tne  proper  depth  of  geer.    The  end  of  the  rod  IJ. 
le  bojt  C,  has  a  knob  or  onion  on  it,  by  which  it  can  be  i 
rhite  It  is  turning  in  the  box  C.     In  the  other  end  of  the  ro<l 
,  or  plate  of  iron  K^  with  a  gudgeon  projecting  from  each  side,  un  whi 
rthe  bridles  or  loaders  L  L,  which  permit  the  levers  M  M  to  desca 
[curve  with  their  end^  vrhile  the  iron  rod  B  mnve^  in  a  sirvught  tine, 
kre  two  studs   or  props  fixed  to  tlie  stock  O  of  the  soil ;  on  the  ( 
f  which  propf  the  levers  M  M  move,  and  communicate  their  uiutiun 
tack*  r  Pf  the  teeth  of  which  take  into  the  iiinions  Q  Q,  oo  the 
i^hich^  (according  to  one         '     '   "  '  V     ',   fig,  145,)  is 

jalrong  iron  stud  R,  which  ler  S.     Iron  nl 

levers  are  fixed  at  one  end  u.  .,,•:,  -w..<.r  ,.j  „  ^  a.  vr  jE^udgeon^  and 
other  made  fast  to  the  valves  a,  which  move  oa  gudgeons  as 
dtMribod. 

**  The  other  method  of  regulating  the  ViJvcs  is  ahown 
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ig.  146^  where,  instead  of  the  studs  or  Urcn,  the  valves  may 
be  mored  by  having  pinions  fixed  to  them,  and  working  with 
teeth  in  a  rack  or  slider,  aa  at  T.  V  V  are  rollers  to  keep 
the  racks  P  in  their  geer.  The  operation  of  this  apparatus 
will  be  clearly  cotnpreh ended  by  imagining  that  if  the  hook 
4,  on  the  rope  G,  be  pulled  down  to  5,  the  sheave  F  with  the 
pinion  £  will  turn  at  the  same  time,  putting  in  motion  the  rack 
D  with  the  rod  B,  which  will  bring  the  levers  M  M  into  the 
position  represented  by  the  dotted  lines  :  the  nicks  P  moU 
have  turned  the  pinions  Q  till  the  sliders  S  and  T,  with  the 
studs  or  levers,  or  racks,  (according  to  whichever  methtKl 
may  be  nsed,)  bring  the  valves  into  the  position  of  the 
dotted  lines,  in  which  position  they  are  represented  as  having 
all  their  surfaces  to  the  wind;  therefore,  if  a  sufficient  weight 
be  hung  txi  the  hook  4,  the  weight  will  descend  to  5^  and 
keep  the  valves  in  the  situation  of  the  dotted  lines;  and 
•opposing  the  wind  to  blow  upnji  them  w\t\\  too  much  force 
lu  this  state,  they  wiU  turn  on  their  gudgeons,  and  raise  the 
weightSy  so  that  the  superfiuous  wind  will  pass  through  or 
between  them,  without  exerting  an  irregular  force  upon  the 
vuieSy  B4>  as  to  produce  an  unequal  velocity." 

MILL   WITH    EIGHT    QUADRANGULAR    SAIW, 

This  mill,  which  is  the  invention  of  Mr.  James  Vcrrier,  is 
repreficnted  in  fig.  14/. 

AAA  ftre  the  thre«»  principal  postJ,  27  fc€t  7|  inches  long,  2^  inches 
ItiMd  at  tbeir  Icrwcr  extremities,.  18  inches  at  their  uppcir,  and  17  inches 
ibiek.  The  column  B  is  12  feet  2}  indies  long,  19  inches  in  lijameter 
,Mm  lower  extremity,  and  16  inches  at  its  upper:  it  is  fixed  in  the 
of  the  mill,  passes  through  the  first  floor  E,  having  its  upper 
lity  secured  by  the  bars  GG.  E  E  E  are  the  girders  of  the  first 
r,  one  of  which  only  i?  seen,  being  eijfht  feel  three  inches  long,  11  inches 
I,  uhI  nine  illicit ;  ihey  are  mortised  into  the  posts  A  A  A  and  the  cohtnm 
B,  ind  are  about  eight  feet  three  inches  distance  from  the  p-ound  floor.  D  D  D 
ire  three  (Kists,  sit  feet  four  inches  long,  nine  inches  broad,  und  aix  inches 
thick:  thry  arc  mortised  into  the  girders  EF  of  the  first  and  second  floor, 
iX  the  di!»l.ince  ol  two  Itvt  four  inches  from  the  posts  A,  Sec.  F  F  F  are  the 
girders  of  the  second  floor,  six  feet  long;,  11  inches  broad,  and  nine  thick: 
tUey  »re  tnortj^ed  into  the  posts  A,  &c.,  and  reit  ut>on  the  upper  extremities 
of  iK«  r.^*..  n,  &c.  The  three  bars  GGG  are  3  feet  IJ  inches  lonp^ 
i4  T  I  road,  and  three  thick :  they  are  mortised  into  the  posts  Daiid 

th.:     ,  ,  J  of  the  column  B,  four  feel  three  inches  above  the  floor.     P 

b  one  aS  the  beams  which  support  the  extremities  of  the  bray-treeyi  or 
Infers;  its  Icn^rlh  is  two  feet  four  inches,  its  breadth  eight  inches,  and  its 
tlbckness  six  inches.  I  u  one  of  the  bray-trees  into  which  the  extremity  of 
of  the  bridge-trees  K  is  ronrtised,  1-^ch  bray-trce  is  4  feet  9i  incbey 
;,  9|  inches  broad,  and  seven  thick,  and  each  bridge-tree  is  four  feet 
iochcf  long,  nine  inches  bro.id,  and  soven  thick;  b^ing  furtiish«d 
feh  1  piece  of  brass  on  its  upper  surface  to  receive  the  under  piTol  of  the 
ttull-«tODCfl.     LL  ate  two  iron   screw-bolts,  which   raise  or  depresf  the 
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catremitlcs  of  the  bmy •treei.     M  M  M  Are  the  three  mill-ttoivtl, 
N  N  N  the  iroD   »piiidlfs  or  irbors  on  which  the  turuing  roiU-stoncf 
fixed,     D  is  one  of  three  wheels  or  trundles  which  are  fixt-'     •-  "i-    - 
€nds  of  the  spindles  N  NN:  they  are  16  inches  in  diam- 
fmnlshed  with  14  stares ;  /  is  one  of  the  carriage-riils  on  ^  1  ; 
pivot  of  the  spindle  tnmSt  and  ii  four  feet  two  inches  long,  s«rv 
Lroad,  and  four  thick.    It  tumg  on  an  iron  bolt  at  one  end,  aiiti 
ood  slides  in  a  bracket  fixisd  to  on«  of  the  joints,  and  forms  a  ittofti*« 
which  a  wedge  is  dnten  to  set  the  r%il  and  trundle  in  or  out  of  woriti 
f  if  the  horizontal  spur-wheel  that  impels  the  trundles ;  it  is  ftve  feet  sii 
Inches  in  diameter,  is  tixed  to  the  perpendicular  shaft  T,  and  is  fumi 
Willi  A2  teeth.    The  perpendicular  shaft  T  is  nine  feet  one  incli  k 
14  inche5  in  diameter^  having  an  iron  spindle  at  each  of  iu^  extreinitJi 
piidc-r  spindle   turns   in  a  brass  block  fixed    into  the  higher  *od 
column   li;  and  the  upper  spindie  moves  in  a  brass  plate  rnsefted 
lower  surface  of  the  carriage-rail  C.    The  spur-wheel   r  is  fixed 
Upper  end  of  th«  shaft  T,  and  is  turned  by  the  crown-wheel  c  on 
«rind  shaft  c;  it  is  three  feet  two  inches  in  diameter,  and  is  furnished 
i^  cfy^.    The  caitiage-rail  C,  which  is  fixed  on  the  sliding  kerb, 
17  feet  2  inches  long,  one  fool  broad,  and  nine  inches  thick.     Y  Y  Q] 
fixed  kerb,  17  feet  3  inches  diameter,  14  inches  broad,  and  tO  thU 
is  morliised  into  the  posti  A  A  A,  and  fastened  with  screw-boltAi 
f  lidiug  kerb  Z  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb^ ' 
)Jhickncss  is  only  7i  inches;  it  revolves  on  12  friction  rollers  fixed 
upper  surface  of  the  kerb  Y  Y  Q,  and  has  four  iron  Ualf-*taT.i.  <   V 
fastened  on  its  outer  edge,  whose  perpendicular  arms  arc 
two  inches  broad,  and  one  inch  thick,  and  embrace  the  oui 
fined  kerb,  to  prevent  the  sliding  one  from  beint;  blown  off,     Ttiv 
XV  are  13  feet  9  inches  long,  14  inches  broad,  and  1  foot  thick: 
%Te   fixed   at  each  end  with  strong  iron  screw  bolls  to  the  slidmgt 
and  to  the  ciirriage-rail  C.     On  the  right  hand  of  w  is  seen  the  extrci 
R  cross-rail,  which  is  fixed  into  the  capsilh  XV  by  strong  ) 
^mckel  5  fcet  long,  16  inches  broad,  and  10  inches  thick;  n  |j 

a  strong  brass  collar,  in  which  the  inferior  spindle  of  the   >^.ii.iMt,uL 
^and  15  fixG'J  to  tlie  cross-rail  w ;  b  ia  another  bracket,  seven   fcc*l  luni 
'leel  broad,  and  10  inches  thick;  it  is  fixed  into  the  fore  end-  nf  ih,> 
and  in  order  to  embrace  the  collar  of  the  windshaf^,  it  is  <  i 
paits,  which  are  fixed  together  with  screw-bolts.     The  wind-  i,_ 

Jong,  two  feet  in  diameter  at  the  fore  end,  and  18  inches  ui  Uii<  other; 
pivot  at  the  back  end  is  six  inches  diameter ;  and  tlie  shaft  is  prrfora« 
to  admit  an  iron  rod  to  pass  easily  through  it.     The  vertical  crown- wheel 
'il  lii  feel  in  diameter,  and  is  furnished  with  54  cogs,  which  drive  iheni 
wheel  r ;  the  bolster  d,  which  is  six  feet  three  inches  long,  i 
mnd  half  a  foot  thick,  is  fastened  into  tlie  cross^-rail  ip/d 
centre  of  the  windshaft,  having  a  brass  pulley  fixed  at  iu  foi.  v*..j      ( 
upf>er  surface  of  this  boUter  is  a  groove  in  which  the  sliding  bolt  R  movi 
kaving  a  brass  stud  at  its  fore  end.     This  sliding  bolt  is  not  disnnrtty 
in    the    figure,   but  the  round   top  of  the  brass  stud  ii  i: 
letter  A  ;  itie  iron  rod  that  passes  through  tive  windshait  b' 
tirass  stud.    The  sliding  bolt  is  four  feet  nine  inches  long,  inua  \t%cl 
l>road,  and  one-ihird  of  a  foot  thick.     Al  its  fore  end  is  fix^  a  line  whi< 
|>aAses  over  the  bmsi  pulley  in  the  bolster,  and  appears  at  a  with  a  wvigl 
iniached  to  its  extremity,  sufficient  to  make  the  sails  face  the  wind  thai 
itrong  enough  for  the  number  of  stones  employed;  and  wl;      ' 
<jf  the  wind  is  more  than  sufficient,  ihe  sailt  turn  on  an  edj^r 
the  sliding  bolt,  which  prevents  tliein  from  movuig  with  too  ^;,..v  ^.li 


«ltf  won  ?■■  *^t'  ^iiid  ab«(«3^  the  rails,  by  the  weifrht  a,  arc  pressed  up 
Hdt  •wd  *»  - «  b  sufficient  to  gire  the  mill  a  proper  degree  of 

Bjf  U; .  :.,4-..r4tU5  the  wind  is  regulated  and  justly  proportioned 
tttmoe,  or  work  to  be  peribnned;  an  uniformity  of  motion  is  alsci 
lad  the  mill  is  less  habte  to  be  destroyed  by  the  rapidity  of  tt« 

Dat  tke  teiiUr  maj  undenUod  how  these  e0ecl$  are  produced,  we  have 
in  fig.  Hft,  the  iron  rod,  and  the  anus  which  hear  against  the 
<;  mkt%  the  iron  rod  which  passes  through  llie  windshafl  c»  in  fig.  147 ; 
rh  moves  in  the  brass  stud  that  is  fixed  upon  the 
^  are  the  cross-anus  at  riisrht  angles  to  a  A,  whose 
My  marked  in  fig.  147,  bear  uiwn  the  edges  of  the 
^nm.    The  artni  a  i  are  6§  feet  long,  reckoning  from  tne  centre  a,  one  foot 
1  at  tie  centre,  and  five  inches  thick ;  the  arms  n,  ft,  &c.,  that  carry  the 
ISM  or  ssaU,  are  IRf  feet  long,  their  gxeateil  breadth  is  one  foot,  and  their 
ifcietarts  n.nr  inches.  ETiidually  diminishing  to  their  exlrcmiiicSj,  where  tlie* 
.  ttt  tluv«t  n  ter     The  four  cardinal  sails,  m,  m,  m,  m,  are  eacK 

llivt  lo;  lood  kl  iheir  outer  end,  and  three  feet  at  their  lower 

•Mt^mitia;  p,  /?,  ^c^  are  the  four  assislant  sails  which  have  the  same 
JbpiPttww  i»  the  cardinal  ones,  to  which  they  are  joined  by  the  line  SSSS. 
Tip  in|.'u  sail's   inclination   when   first  opposed  to   the  wind  is 

il  &tm*  ilarly  lite  same  from  etid  to  end. 

If  H  r*itieut  iiora  the  preceding  de^criptioo  of  this  machine,  thai  the 
viadlbaA  e  moves  alonjf  with  the  sails;  the  vertical  crown-wheel  v  impels 
li»««r-<^  •'*=•'  "  ♦^^"'^  *n'>on  thf  axis  T,  which  carries  also  the  spur-wneel 
L    This  three  trundles  H,  one  of  which  only  is  seen  in 

t^  igttn  I  ,  I ixed  upoD  the  spindles  N,  8fcC.  communicate  motion 

M  Uie  tonuof  miii-stones« 

That  the  wind  tnay  act  with  the  greatest  efficacy  upon  the 
ttil*^  the  inndshaft  or  principal  axis  must  always  have  the 
nine  direction  as  tlie  wind.  But  as  this  direction  is  per- 
pctuiUy  changing,  some  apparatus  is  necessary  for  bringing 
the  witMlahaft  and  sails  into  their  proper  position.  As  both 
ibt  eomnion  methods  of  adjusting  the  windshaft  require 
hitnuui  astiistance,  it  would  be  very  desirable  that  the  same 
HIect  fchould  be  produced  solely  by  the  action  of  the  wind. 
*t)m  may  be  dutie  by  hxing  a  large  wooden  vane  or  weather- 
cock at  the  extremity  of  a  long  horizontal  arm  which  lies  in 
tht  ^latne  I'crtical  phtne  with  the  i^indbhaft.  By  this  means, 
wben  the  surface  of  the  vane  and  its  distance  front  the  centre 
uf  iDOlton  are  sufficiently  great,  a  very  gentle  breeze  will 
rxcrt  a  sufficient  force  upon  the  vane  to  turn  the  machinery, 
jumI  will  always  bring  the  sails  and  windshaft  to  their  proper 
pasickm.  This  weathercock,  it  is  evident,  may  be  applied 
diber  to  machines  which  have  a  movable  roof,  or  to  those 
whit!h  revolve  upon  a  vertical  arbor.  Prior  to  the  French 
n*iroluti/)n,  windiiiills  were  more  numerous  in  Holland  and 
the  Netherlands  than  in  any  other  part  of  the  world,  and 
Uicy  seem  to  have  been  brought  to  a  very  high  state  of 
Thia  \&  evident  not  only  from  the  cxperimcnU 
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of  Mr.  SmesUm,  from  which  it  appears  that  «als  weathered 
m  the  Dutch  manner  produced  nearly  a  maximum  effsct,  foot 
also  from  the  observations  of  the  celebrated  Coulomb.  This 
philosopher  examined  above  50  windmills  in  the  neiffhbour- 
hood  of  Lisle,  and  found  that  each  of  them  performed  neailj 
the  same  quantity  of  work  when  the  wind  moved  trith  the 
velocity  of  18  or  20  feet  per  second,  though  there  were  some 
trifling  di£Eerences  in  the  inclination  of  their  windshalts.  and 
in  the  disposition  of  their  sails.  From  this  fact.  Coulomb 
jostiy  concluded  that  the  parts  of  the  machine  must  have 
been  so  dbposed  as  to  produce  nearly  a  maximum  effect. 

In  the  windmills  on  which  Coulomb's  experiments  were 
made,  the  distance  from  the  extremity  of  each  sail  to  thib 
centre  of  the  windshaft  or  pruicipal  axis  was  33  feet.    The 
suls  were  rectangular,  and  their  width  was  a  little  more  than 
six  feet,  five  of  which  were  formed  with  cloth  stretched  upon 
a  frame,  and  the  remaining  foot  consisted  of  aver}*^  light  board. 
The  line  which  joined  the  board  and  the  cloth  formed,  on  the 
side  which  €Eu:ed  the  wind,  an  angle  sensibly  concave  at  the 
commencement  of  the  sail,  which  diminished  gradually  till  it 
vanished  at  its  extremity.  Though  the  surface  of  the  cloth  waa 
curved,  it  may  be  regarded  as  composed  of  right  lines  perpendi- 
cular to  the  arm  or  whip  which  carries  the  frame,  the  extrer 
mities  of  these  lines  corresponding  with  the  concave  angle 
formed  by  the  junction  of  the  cloth  and  the  board.     Upon  this 
supposition,  these  right  lines  at  the  commencement  of  the  sailj 
which  was  distant  about  six  feet  from  the  centre  of  the 
windshaft,  formed  an  angle  of  60  degrees  with  the  axis  or 
windshaft,  and  the  lines  at  the  extremity  of  the  wing  formed 
an  angle  increasing  from  7B  to  84  degrees,  according  as  the 
inclination  of  the  axis  of  rotation  to  the  horizon  increased 
from  8  to  15  degrees;  or  in  the  mill-wright's  terms,  the 
greatest  angle  of  weather  was  30  degrees,  and  the  least 
varied  from  12  to  6  degrees,  as  the  inclination  of  the  windshaft 
varied  from  8  to  15  degrees.     A  pretty  distinct  idea  of  the 
Bur^Ace  of  windmill  sails  may  be  conveyed  by  conceiving  a 
number  of  triangles  standing  perpendicular  to  the  horizon^ 
in  which  the  angle  contained  between  the  hjrpothenuse  and 
the  base  is  constantly  diminishing ;  the  hypothenuse  of  each 
triangle  will  then  be  in  the  superiicies  of  the  vane,  and  they 
would  form  that  superficies  if  their  number  were  infinite* 


> 


ON   HORIZONTAL   WINDMILLS. 

A  VARIETY  of  opinions  have  been  eutertained  respecting 
die  retativc  advantages  of  horizontal  and  vertical  wiudmilU. 
Mr.  Smeaton  gives  a  decided  preference  to  the  latter  *,  but, 
when  he  asserts  that  horizontal  windinills  have  only  one-eighth 
or  one- tenth  of  the  power  of  vertical  ones,  he  certainly  forms 
loo  low  an  estimate  of  their  power.  Mr.  Beatson,  on  the 
contrary,  who  has  a  patent  for  the  construction  of  a  new 
horizontal  windmill,  seems  to  be  prejudiced  in  their  favour. 
FruttJ  an  impartial  investigation,  it  ^vill  probably  appear, 
that  the  truth  lies  between  those  two  opposite  opinions ;  bt»t 
belbrc  entering  on  this  discussion,  we  must  first  consider  the 
nature  and  form  of  horizontal  windmills  ;  which  we  shidl  do 
in  prescfttting  the  reader  with  a  description  of  the  horizontal 
mill  erected  at  Margate  by  Captain  Hooper. 

Fe^.  149  is  an  upright  section,  and  fig.  150  a  plan  of  the  buildinji^, 
B  II  Are  till-  side  vigils  of  an  ociagontl  building  which  contains  the 
macfaiikerj.  These  walls  are  sumiouTited  by  a  strong  timber  rraming 
O  Cp  of  the  »ame  fomj  as  the  buildmg,  and  connected  at  top  by 
aoiflhft&mifi|t  to  support  tlie  roof,  and  also  the  upper  pivot  of  t!ie  Tiuiin 
il  Am  A  A,  vrhich  has  three  sets  of  arms,  B  IJ,  C  C,  D  D,  framed 
it  ^  that  part  which  rises  above  the  height  of  the  walls.  The  amw 
funj^^ptjcd  and  supported  by  diigonal  braces,  and  their  eirtremjiiei 
art  bolted  to  octagonal  wood  frames,  round  which  the  vanes  or  floatji  E  E 
■SB  kted,  'M  seen  in  outUoe  in  6g.  150,  so  as  to  form  a  large  wheel,  resem- 
watcr-wbeel,  which  is  Jess  than  the  siic  of  tbe  house  by  about 
all  round  This  space  is  occupied  by  a  number  of  vertical 
bhnds  F  F,  tnminj^  on  pivots  at  top  and  bottom,  an<l  placed 
,80  as  to  overlap  each  other,  and  eompletf^ly  shutout  tJie  wind,  and 
mill,  by  forming  a  close  case  surrounaing  the  wheel ;  but  they  can 
%t  iBored  altogether  upon  their  pivots  to  allow  the  wind  to  blow  m  the 
Jiiictido  of  a  tangent  upon  the  v;^nes  on  one  side  of  tlie  wheel,  at  the  lime 
te  ocbei  side  If?  completely  shaded  or  defended  by  the  boardinir,  'I"hc 
foitiicm    :  s  is  clearly  shown  at  F  F,  fig.  150.     At  the  lower  end 

of  the  vei  I  A  A,  a  large  spur-wheel  a  a  is  fixed^  which  gives  motion 

Co  «  piztwu  c,  upon  a  «.maU  rertical  axis  <f,  whose  upper  pivot  turns  in  a 
be«nn^  Iwlt^J  to  a  girdei  of  the  floor  n.  Above  the  pinion  c,  a  spnr- 
nl^ri  t-d,  to  ^ve  motion  to  two  small  ptnionsj^,  on  the  upper  ends 

of  '  ^  ^,  of  the  roill-stooe  h,    Anoiner  pinion  is  situate  At  the 

IK  MQp  of  the  great  spur-wheel  aa^  to  gire  motion  to  a  third  pair  of 
les,  which  are  used  when  the  wind  ii  very  strong;;  and  then  the 
turns  so  quick  as  not  to  need  the  extra  wheel  e  to  give  the  requisite 
f  to  the  stones.    The  weight  of  the  main  vertical  shaft  is  borne  by  a 
_  timber  A,  having  a  brass  box  placed  on  it  to  receive  the  lower  pivot  of 
Iht  thalL     It  is  supported  at  its  ends  by  cross-beams  mortised  into  the  upright 

CIS  *  6»  u  shown  in  the  plan,  fig.  1 50,  A  floor  or  roof  1 1  is  thrown  across 
top  of  ihe  brick-buildinff  to  protect  the  machinery  from  the  weallier,  and 
IVRrptcnl  the  rain  blowing  down  the  opening  through  which  the  shaft  descends, 
«6«ad  dxcttUr  hooo  R  is  fixed  to  the  floor,  and  is  surrounded  by  another  hoop 
mmm  h,  vliich  is  nxcd  to  the  arms  D  D  of  the  wheel.    This  last  ii  of  iuch  4 
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$mt,  xs  exactly  to  go  over  the  hoop  K,  without  \    - 1 
tumj  round.     By   ihis   irieaji?^  the  r«in  m  coin 

■'lipper  room  M»  which  serres  as  a  granary,  btiu^  i, 
m  M,  to  contain  the  different  sorts  of  gnin  which  is  nt»ed| 
tackle.     A  whn^l  j  is  lixed  on  the  main  shaft,  having  isofCi 
1)oth  sides.     Thoae  at  the  under  side  work  into  a  pinion  on 
roller  K,  which  is  for  the  purpose  of  drawing;  up  sacks.     Anol 
situated  above  the  wheel  i,  which  has  a  roller  projecting  out 
doors  seen  atp,  in  iig.  ISO,  to  land  the  sacks  upon.    'Die  two 
fig.  1 50,  are  tursed  by  the  great  wheel  a  a,  and  are  for  giving 
dressing  and  bolimg  machines,  which  are  placed  upon  the  flo<i 
Dot  shown  in  the  drawing,  bung  exactly  similar  to  the  dressi^ 
tised  in  all  flour  mills.    The  cogs  upon  the  great  wheel  a  are 
as  the  rim  itself^  leaving  a  plain  nm  about  three  inches 
encompassed  fay  a  broad  iron  hoop,  which  is  tuade  fast 
upright  post  b ;  the  other  being  jointed  to  a  strong  Irver 
end  of  which  a  purchase  o  Is  attached,  and  the  fall  is  made  {kst| 
on  the  top  of  a  frame  fixed  to  the  ground.     This  aprtaratus 
purpoM  of  the  brake  or  gripe  used  in  common  windmills 
motioH'     By  pulling  the  fidl  of  the  purchaxe  o^  it  causes  the 
embrace  the  great  wheel,  and  produces  a  resistaoce  sufficii 
wheel.    The  mill  can  be  regulated  in  its  motion,  or 
opening  or  shutting  the  blia(b  F,  which  surround  the  fim-i 
all  moved  at  once  by  a  circular  ring  of  wood  situated 
lower  ends  of  the  blinds  upon  the  floor  1 1,  being  conni 
hy  a  short  iron  liak.     The  ring  is  moved  round  by  a  rack  and  8| 
descend  into  the  mill-room  below,  for  the  convenience  of  the 

The  mode  of  bringing  the  sails  back  ajiainst  the  wind,  which 
invented,  is,  perhaps,  the  simplest  and  best  for  that  end.     He 
Bail  A  I,  fig.  151,  to  consist  of  six  or  eight  flaps  or  vanes,  A  P, 
&c.,  moving  upon  hinges  represented  by  the  dark  lines,  A  P, 

■10  that  the  lower  side  61  of  the  first  flap  wraps  over  the  hi 
side  of  the  second  flap^  and  so  on.     When  the  wind,  therefoi 
the  sail  A  I,  each  flap  will  press  upim  the  hinge  of  the 
below  it,  and  the  whole  surface  of  the  sail  will  be  exj 
But  when  the  sail  A  I  returns  against  the  wind,  the  flaps 
upon  their  hinges,  and  present  only  their  edges  to  Uie  wind^ 
seated  at  £G,  so  tliat  tne  resistance  occasioned  by  the  rett 
tnust  be  greatly  diminished,  and  the  motion  will  be  continued 
superiority  of  force  exerted  upon  the  sails  in  the  position  A 
puting  the  force  of  the  wind  upon  the  sail  A  I«  and  the  resisti 

^to  tt  by  the  edges  of  the  flaps  in  EG,  Mr.  Beatson  finds, 
Diessurc  upon  the  former  is  1872  pounds,  the  resistance 
Utter  is  only  about  36  pounds,  or  ^  psirt  of  the  whole 
the  's£tion  of  the  wind  upon  the  arms,  C  A,  &c., 
nC^  •*'^''  because  ihev  expose  the  same  surface  in  1 
^  position  R  0,    "fhis  omission,  however,  has  a 
us  in  the  present  case,  as  we  shall  now  see;  for 
compare  the  whole  force  exerted  upon  the  vim,  as  well  as 
the  whole  resistance  which  these  arms  and  the  edges  of  the  fl« 
the  motion  of  the  windmill.     By  inspecting  the  ft^Jfe  it  will 
the  force  upon  the  edges  oft!,  i  nf 

13  in  number,  amounts  to  36  ; 

"DG,  OF,  FE,  8cc.,  cannot  be  k-*  trrim  lo  ptnum*.     fit 
hatB  arc  acted  upon  viitli  an  couiU  forcis  -^hi-n  <^**  %h\a  have; 
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'>  to  ^  19^32  will  be  the  force  extorted  upon  the  tail  A  I  and  its 

'he  opposite  force  upon  the  bars  and  edges  of  the  flaps 

.;4t  the  v(ind  will  be  36  -f  GO  =  96  pounds,  which  is 

Mi%u  Md  of  xV  as  computed  by  Mr.  Beataoo,    llenc«  we 

.1.  s  wliich  will  probably  an«e  from  using  a  screen  for 

a  m>u:aU  of  movable  flap,  as  it  will  preserve  not  only  the 

i>  aud  the  frame  which  supports  it,  from  the  action  of  the 

»r  makee  also  the  following  remark   on  the 

wer  of  horizontal  and  vertical  windnulls.     It 

stated,  that  Mr.  Snieaton  rather  undcrratetl 

vhlie  he  niaint-ained  that  they  have  only  one- eighth 

tlie  power  of  the  latter*     He  observes,  that  wheu 

uf  a  horiziintal  and  a  vertical  mill  are  of  the  feame 

1^,  the  jiower  of  the  latter  is  four  times  that  of  the 

cause,  in  tlie  first  case,  only  one  sail  is  acted  upon 

while,  in  the  second  case,  all  the  four  receive  the 

!of  lite  wind.     This,  however,  is  n  *t  strictly  tnie, 

vertical  sails  are  all  oblique  to  the  direction  of  the 

tl  us  suppose  that  the  area  of  each  sail  is  100  square 

the  power  of  the  horizontal  sail  may  be  called 

.'  JU^  (vchlch  is  the  common  angle  of  inclination) 

ly;   hut  since  there  are  four  vertical   sails,   the 

:iu  all  mil  be  4  X  88  —  362 :  m  that  the  power 

iita)  sail  is  to  that  of  the  four  vertical  ones  as 

and  not  as   1  to  4,  according  to  Mr.  Smcaton. 

Sroeaton  also  observes,  that  if  we  consider  the 

[vantages   which   arises  from  the   difficulty   of 

le  sidk  back  against  the  wiiid,  we  need  not  wonder 

ktal  windmills  have  only  about  4  or  tV  of  the  com- 

VVe  have  already  seen  that  the  resistance  occa- 

ihe  return   of  the   sails   amounts    to   Vt  of  the 

which  they  received ;  by  subtracting  A  there- 

Trt>  we  sliall  find  that  the  power  of  horizontal 

only  ^;^J,  or  little  more  than  one-fourth  less 

kertical  ones,    litis  calculation  proceeds  upon  a 

that  the  whole  force  exerted  upon  vertical  sails 

;d   in   turning  them  round  the   axis   of  motion; 

'  inidderable  part  of  tliis  force  is  lost  in  pressing 

the   axis   or   windshaft   against  its   gudgeon. 

has  overlooked  this  circumstance,  otherwise  he 

rer  have  maintained  that  the  power  of  four  vertical 

IftMLbof  hoHtoBld  windmill*  ire  sometime*  fixed  like  float-boird»  o» 
ce  £if  »  largrc  drum  or  cylinder.     Than?  uils  mov«  u[»<^^»o  hinges 
rifht  ftAfflt^  to  the  drum,  when  th^y  »re  to  rccfirc  the  impulse 
i  ■nd  whcnlhey  return  Ajaiwit  itj  they 'fold  down  upon  its  circook- 
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sailF  was  quadrnple  the  power  of  one  horizontal  safly  the 
dimensions  of  each  being  the  same.  Taking  this  drcum- 
stance  into  the  account,  we  cannot  be  far  wrong  in  saying 
that,  in  theory  at  least,  if  hot  in  practice,  the  power  of  a 
horizontal  \vindmill  is  about  one-third  or  one-fourth  of  the 
power  of  a  vertical  one,  when  the  quantity  of  surface  and  the 
form  of  the  saUs  are  the  same,  and  when  all  the  parts  of  the 
horizontal  sails  have  the  same  distance  from  the  axis  of 
motion  as  the  corresponding  parts  of  the  vertical  suls.  But 
if  the  horizontal  sails  have  the  position  A  I,  £  G,  in  fig.  151, 
instead  of  the  position  C  A  c?  m,  C  D  o  n,  their  effect  will  be 
greatly  increased,  though  the  quantity  of  surface  is  the  same; 
because  the  part  C P 3 m  being  transferred  to  Bl3d,  has 
much  more  power  to  turn  the  sails.  Having  this  method, 
therefore,  of  increasing  the  effect  of  horizontal  sails,  which 
cannot  be  applied  to  vertical  ones,  we  would  encourage  every 
attempt  to  improve  their  construction,  as  not  only  laudable 
in  itself,  but  calculated  to  be  of  essential  utility  in  a  com- 
mercial country. — See  Dr.  Brewster's  valuable  Appendix  to 
Ferguson's  Lectures, 


FLOUIt-MILLS. 

In  fi^.  1 52  we  have  given  a  section  of  a  double  flour-mill, 
reduced  from  Gray's  Experienced  Mill- wright,  with  the  follow- 
ing account : 

A  A,  the  water-wheel.  B  B,  its  shaft  or  axle.  C  C,  a  wheel  fixed  upod 
the  same  shaft,  containing  90  teeth  or  cogs,  to  drive  the  pinion  No.  1, 
having  23  teeth,  which  is  fastened  upon  the  vertical  shaft  D."  No.  2,  a 
wheel  fixed  upon  the  shaft  D,  containing  82  teeth,  to  turn  the  two  pinions 
FF,  having  15  teeth,  which  are  fastened  upon  the  iron  axles  or  spindlts 
that  carry  the  two  upper  mill-stones.  £  £,  tne  beam  or  sill  that  suppoxts 
the  frame  on  which  the  under  mill-stones  are  laid.  G  G,  the  cases  or 
boxes  that  enclose  the  upper  mill-stones;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  TT,  the  bearers,  called 
bridges,  upon  which  the  under  end  of  the  iron  spindles  turn.  Then 
spindles  pass  upwards  through  a  hole  in  the  middle  of  the  nether  mill-stoneiy 
iu  which  is  fixed  a  wooden  bush  that  their  upper  ends  turn  in.  The  top 
part  of  the  spindles,  above  each  wooden  busn,  is  made  square,  and  goei 
into  a  square  hole  in  an  iron  cross,  which  is  admitted  into  groorei  in  tbe 
middle  and  under  surface  of  the  upper  mill-stone.  By  this  means  that  ttooe 
is  carried  round  along  with  the  trundles  F  F,  when  turned  by  the  yAi&A 
No.  2.  One  end  of  the  bridges  TT  is  put  into  mortises  in  fixed  bearers ; 
and  the  other  end  into  mortises  in  the  bearers  that  more  at  one  end  on  iron 
bolts,  their  other  ends  hanging  by  iron  rods  having  screwed  nnti,  as  UU; 
so  that  when  turned  forward  or  backward  they  raise  or  depress  the  upper 
mill-stones,  according  as  the  miller  finds  it  necessary.  S  d,  the  feeders,  in 
the  under  end  of  each  of  which  is  a  square  socket  that  goes  upon  the  square  of 
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tkt  spiiidles  above  the  iron  cros^  or  rind,  and  having  three  or  four  branches 
ibtf  mote  the   spout  or  shoe^  and  ft«d  the  wheat  constantly   from    the 
inlo  the  bol«  or  eye  of  the  upper  roill-stone^  when*  it  is  introduced 
sifts,  and  by  the  circular  motion  of  the  upper  stone  acquires 
force,  and  proceeding  gradually  from  the  eye  of  the  mill- 
Ui<Ma(d»  the  ciitmraference,  is  at  length  thrown  out  in  flour  or  meal» 
BR.  the  mluice,  machine,  and  handle,  to  raise  the  sluice,  and  let  the  WRter 
tJ        '      '    \  to  dnve  it  round-     No.  3  is  a  wheel  fixed  upon  the  shaft  D, 
CQci  teeth,  to  turn  the  pinion  No,  4,  having  15  teelh,  which  is 

iMt<rt)M,    M|^,  ifi    the  hurr£ontal  a.Yle  H.     On   this  axle   is  also  fixed  the 
Iw^l  K,  on  which  go  the  two  leather  bells  that  turn  the  wire  enf^ine  and 
Mlini;  iniiL     L,  an  iron  spindle,  in  the  under  end  of  which  is  a  square 
socket  that  takes  in  a  square  on  the  lop  of  the  gudgeon  of  the  Tcrticat  shaft 
0»     ITiere  Is  a   pinion  M,  of  nine  teelh,  fixed  on  the  upper  end  of  ihe 
s|*4iidle  L,  to  turn  the  wheel   M  M,  having  48  teeth,  which   is  fastened 
opon  !h*«  rjitfe  round  which  the  rope  Z  Z  rolls,  to  carry  the  sacks  of  Hour  up 
to  li  ■    nche».     Hy  pullinj?  thie  cord  OO  a  little,  the  wheel  M  M 

wa  put  into  motioa,  in  con.^equence  of  that  wheel  and  its  axle 

btaug  ui«>veii  lioriionially,  until  the   teeth  of  the  wlietil  are  brought  into 
CDOtAct  witlj  those  of  the  pinion  at  the  top  of  the  spindle  L :  and,  on  the 
...  ...,ii.,.^  jjjg.  ^^^  pp^  tj^g  wheel  M  ana  its  axle  are  mored  in 

x\:  lal  direction,  till  they  are  thrown  out  of  geer  witli  the 

,   -.-lory  motion  of  that  wheel  stops.     But  when  the  sack  of 
lip  to  the  lever  Q,  it  puiihes  up  that  end  of  tlie  lever,  and  of 
•our  1.  r  end  down;  by  which  means  the  pinion  M  is  disengaged, 

and  ymw   thill   part   of  the  machine  stops   of  itself     N  N  are  iwo  lar^e 
inlo  wKich  the  clean  wheat  is  put  to  be  conveyed  down  to  the 
S  S,   placed   on   the   frame   immediately  above    the    raill-stones. 
side  wall  of  the  mill-house.     V,  the  couples  or  frajiie  of  the  roof. 
A  .\,         "ou  s  10  li^rhtcn  the  house. 

Fiii.  J        !■  prtsenls  the  surface  of  the  under  grinding  mill-stoue;  the  way 
«fbi     .        I   I  he  roads  or  channels;  the  wooden  bush  fixed  into  ibe  hole 
in  it»  ::  .  M*  ,  lu  which  the  upper  end  of  the  iron  :<$pindle  turns  round ;  aa<l 
1kicaj£:  :.ir  h  jups  tliat  surround  the  uputr  one,  whicij  ought  lo  be  two  inches 
elof  of  tike  stone  all  round  its  circumference. 

Fir,  154,  the  upper  grinding  mill-stone,  and  iron  cross  or  rind  in  its 
aid5»;  m  ibe  centre  of  which  is  a  square  hole  that  taken  in  a  square  on  the 
Im  of  iKe  tpon  spindle,  to  carry  round  tlie  mill-stone.     When  the  working 
dm  or  (mxm  of  the  mill-«lones  are  laid  uppermost,  the  roads  (or  channels) 
■ttst  tie  in  the  same  direction  in  both;  so  that  when  the  upper  stone  is 
ttQMd  nter,  na  *  '        '     I  upon  the  under  one,  then  the  channels  may 

mm  c»ch  otlif  in  grinding  and  throwins;  out  the  flour,  the 

Aiip  1 1i,i  I  of  li..  ...  >  ;»,.^...,  then  cutting  against eadi  other  Uke  scisxan. 

l&i  rt»ais  are  likcwiM!  laid  out  according  lo  the  way  tlie  upjier  8toii« 
eii«ihr<«  111  tluiM  repreiented  in  the  figures,  the  running  mdUstoo«  is 
Uq.j  jrtj  **5unway/'  or  as  in  what  is  called  a  ritfht-handed  mill: 

Ufi  >■  revolves  the  other  way,  the  channels  must  be  cut  the  reire^^ 

of  tius,  and  then  ilie  mill  19  termed  a  left-handed  one. 

T  "stones  are  of  the  utmost  importance  in  the  con- 

itr  t^our-mills,  as  upon  tJicm  principally  depetids  the 

ifLi  e  meftl ;    we  ciuiiiot,  therefore,  do  better  thim  ta 

•iiri  Ferguson's  opiokiii  upon  them,  as  also  some  sub- 

rasarks  by  his  editor,  Dr.  Brewster. 
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The  heavier  the  running  inill-etone  is,  and  the  greater  the 
quantity  of  water  that  falls  upon  the  wheel,  so  much  the 
mster  will  the  mill  bear  to  be  fed,  and  consequently,  bo  much 
the  more  it  will  grind  :  and,  on  the  contrary,  the  lighter  the 
stone,  and  the  less  the  quantity  of  water,  so  much  slower 
must  the  feeding  be.  But  wtien  the  stone  is  considerably 
More,  and  become  light,  the  null  must  be  fed  slowly  at  any 
rate ;  otherwise  the  stone  will  be  to<>  much  borne  up  by  the 
corn  under  it,  which  will  make  the  meal  coarse. 

The  ([uantity  of  power  required  to  turn  a  heai-y  mill-stone 
u  but  very  little  more  than  what  is  sufficient  to  turn  a  light 
one :  for  as  it  h  supported  upon  the  spindle  by  the  bridge- 
tree,  and  the  end  of  the  spindle  that  turns  in  the  brass  foot 
therein  being  but  small,  the  odds  arising  from  the  weight  is 
but  verj'  inconsiderable  in  its  action  against  the  power  or 
force  of  the  water ;  and,  besides,  a  heavy  stone  has  the  same 
ndvantage  as  a  heavy  fly,  namely,  that  it  regulates  the  motion 
much  better  than  a  light  one. 

In  order  to  cut  and  gruid  the  corn,  both  the  upper  and 
imder  mill-stones  have  channels  or  furrows  cut  into  them, 
proceeding  obliquely  from  the  centre  towards  the  circum- 
ference: and  these  furrows  are  cut  perpendicularly  on  one 
side,  and  obliquely  on  the  other,  into  the  stone,  which  gives 
each  furrow  a  sharp  edge,  and  in  the  two  stones  they  come, 
as  it  were,  against  one  another  like  the  edges  of  a  pair  of 
Bcissars,  and  so  cut  the  com,  to  make  it  grind  the  eaai 
when  it  falls  upon  the  places  betwcea  the  furrows.  These 
ore  cut  the  same  way  in  both  stones  when  they  lie  upon  their 
backs,  which  makes  them  run  cros:i  ways  to  each  other  when 
the  upper  stone  is  inverted,  by  turning  its  furrowed  surface 
toward  that  of  the  lower.  For,  if  the  furrows  of  both  stones 
lay  the  same  way,  a  great  deal  of  the  corn  would  be  driven 
onward  in  the  lower  furrows,  and  so  come  out  from  betweei 
the  stones  without  being  either  cut  or  bruised* 

When  the  furrows  become  blunt  and  shallow  by  wearing, 
the  running  stone  must  be  taken  up,  and  both  stones  new 
dressed  with  a  chisel  and  hammer ;  and  every  time  the  stone 
is  taken  up,  there  must  be  some  tallow  put  round  the  spindle 
upon  the  bush,  which  will  soon  be  melted  by  the  heat  the 
spindle  acquires  from  its  tuniing  and  rubbing  against  the 
bush,  and  so  will  get  in  between  them,  otherwise  the  bush 
would  take  fire  in  a  very  little  time. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
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loy  shake  in  the  motion,  which  would  make  some  parts  of 
the  stones  grate  and  lire  against  each  other,  while  other  parts 
of  them  would  be  too  far  asunder,  and  by  that  means  spoil 
the  meal  in  grinding. 

Whenever  the  spindle  wears  the  bush  so  as  to  begin  to 
doke  in  it,  the  stone  must  be  taken  up,  and  a  chisel  drove 
vio  several  parts  of  the  bush;  and  when  it  is  taken  out, 
wooden  wedges  must  be  driven  into  the  holes;  by  which 
■eans  the  bush  will  be  made  to  embrace  the  spindle  close 
an  roond  it  again.  In  doing  this,  great  care  must  be  taken 
to  drive  equau  wedges  into  the  bush  on  opposite  sides  of  the 
findle,  otherwise  it  will  be  thrown  out  of  the  perpendicular^ 
id  so  hinder  the  upper  stone  from  being  set  parallel  to  the 
for  one,  which  is  absolutely  necessary  for  making  good 
work.  When  any  accident  of  this  kind  happens,  the  perpen- 
dicular position  of  the  spindle  must  be  restored  by  adjusting 
the  bridge-tree  by  proper  wedges  put  between  it  and  the 
brayer. 

It  often  happens  that  the  rind  is  a  little  wrenched  in 
laying  down  the  upper  stone  upon  it,  or  is  made  to  sink  a 
little  lower  upon  one  side  of  the  spindle  than  upon  the  other  ^ 
and  this  will  cause  one  edge  of  the  upper  stone  to  drag  all 
round  upon  the  other,  while  the  opposite  edge  will  not 
touch.  But  this  is  easily  set  to  rights,  by  raising  the  stone 
a  little  with  a  lever,  and  putting  bits  of  paper,  cards,  or  thin 
chips,  between  the  rind  and  the  stone. 

The  diameter  of  the  upper  stone  is  generally  about  six 
feet,  the  lower  stone  about  an  inch  more;  and  the  upper 
stone,  when  new,  contains  about  22^  cubic  feet,  which 
weighs  somewhat  more  than  19,000  pounds.  A  stone  of 
this  diameter  ought  never  to  go  more  than  60  times  round 
in  a  minute,  for  if  it  turns  faster  it  will  heat  the  meal. 

The  grinding  surface  of  the  under  stone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a 
little  more  concave :  so  that  they  are  farthest  from  one 
another  in  the  middle,  and  come  gradually  nearer  towanls 
the  edges.  By  this  means,  the  corn  at  its  first  entrance 
between  the  stones  is  only  bruised ;  but  as  it  goes  farther  on 
towards  the  circumference  or  edge,  it  is  cut  smaller  and 
■mailer;  but  at  last  finely  ground  just  before  it  comes  out 
from  between  them.* 

•  The  npper  mill-stone,  when  six  feet  in  diameter,  is  generally  hollowed 
about  one  inch  at  the  centre ;  and  the  under  one  rises  about  three-fourths 
of  an  inch.  Tlie  com  tlial  falls  from  the  hopper  insinuates  itsdf  between 
ikem   as  far  as  two-thirds  of  the  radius  where  the  grinding  begins ;  tU« 
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When  the  furrows  of  mill-stones  are  worn  shallow,  and 
consequently  new  dressed  with  the  chisel,  the  same  quantity 
of  stone  must  be  taken  firom  every  part  of  the  grinding 
surface,  that  it  may  have  the  same  convexity  or  concavity  as 
before.  As  the  upper  mill-stone  should  always  have  the 
same  weight  when  its  velocity  remains  unchanged,  it  will  be 
necessary  to  add  to  it  as  much  weight  as  it  lost  in  the  dressing* 
This  will  be  most  conveniently  done  by  covering  its  top  with 
a  layer  of  plaster^  of  the  same  diameter  as  the  layer  of  stone 
taken  from  its  grinding  surface,  and  as  much  thicker  than 
the  layer  of  stone,  as  the  specific  gravity  of  the  stone  exceeds 
the  specific  gravity  of  the  plaster.  That  the  reader  may 
have  some  idea  of  the  manner  in  which  the  furrows,  or 
channels,  are  arranged,  we  have  represented,  fig.  154,  the 
grinding  surface  of  the  upper  mill- stone,  upon  the  supposition 
9iat  it  moves  from  east  to  west,  or  for  what  is  called  a  right* 
handed  mill.  When  the  mill-stone  moves  in  the  opposite 
direction,  the  position  of  the  furrows  must  be  reversed. 

In  fig.  156,  we  have  a  section  of  the  mill-stone,  spindle,  and  lantern. 
The  under  mill-stone  M  P  H  G,  which  never  moves,  may  be  of  any 
thickness.  Its  grinding  surface  must  be  of  a  conical  form,  the  point  b  being 
about  an  incli  above  the  horizontal  line  P  R,  and  M  a  and  P  b  being  straight 
lines.  The  upper  mill-stone  E  F  P  M,  which  is  fixed  to  the  spindle  C  D,  at 
C,  an»J  is  carried  round  with  it,  shoufd  be  so  hollowed  that  the  angle 
O  M  a,  formed  by  the  grinding  surfaces,  may  be  of  such  a  size  that  O  «, 
being  taken  equal  to  n  M,  n  »  may  be  equal  to  the  thickness  of  a  grain  of 
com.  The  diameter  O  N  of  the  mill-eye  m  C,  should  be  between  8  and 
14  inclies;  and  the  weight  of  the  upper  mill-stone  EP,  joined  to  the 
weight  of  the  spindle  CD,  and  the  trundle  jr,  (the  sura  of  which  three 
nimibers  is  called  the  equipage  of  the  turning  mill-stone,)  should  never  be 
less  than  1550  pounds  avoirdupois,  otherwise  the  resistance  of  the  grain 
would  bear  up  the  mill-stone,  and  the  meal  be  ground  too  coarse. 

In  order  to  find  the  weight  of  the  equipage ;  divide  the  third  of  the 
radius  of  the  gudgeon  by  the  radius  of  the  water-wheel  which  it  supports, 
and  having  taken  the  quotient  from  2,25  multiply  the  remainder  by  the 
expense  of  the  source,  by  the  relative  fall,  and  by  the  number  19,911,  and 
you  will  have  n  first  quantity,  which  may  be  regarded  as  pounds.  Multiply 
the  square  root  of  the  relative  fall  by  the  weigiit  of  the  arbor  of  the  water- 
wheel,  by  the  radius  of  its  gudgeon,  and  by  the  number  1617,  and  a  second 
quantity  will  be  had,  which  will  also  represent  pounds.  Divide  the  third 
part  of  the  radius  of  the  gudgeon  by  the  radius  of  tlie  water-wheel,  and 
naving  augmented  the  quotient  by  unity,  multiply  the  sum  by  1005,  and  a 
third  quantity  will  be  obtained.  Subtract  the  second  quantity  from  the 
first,  divide  the  remainder  by  the  third,  and  the  quotient  will  express  the 
number  of  pounds  in  the  equips^e  of  the  mill-stone. 

The  weight  of  the  equipage  being  thus  found,  extract  its 

distance  between  the  stones  t>eing  there  about  two-thirds  or  three-fourths 
of  the  thickness  of  a  grain  of  corn.  This  distance,  however,  can  be  altered 
at  pleasure,  by  raising  or  sinking  the  upper  stone. — Dr.  h'rewster. 
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tfott  root,  expressed  in  pounds^  and  multiply  it  Dy  039, 
M  the  product  will  be  the  radius  of  the  mill-stone  in  feet. 

h  order  to  find  the  weight  and  thickness  of  the  upper  mill- 
iooe,  the  following  rules  must  be  observed : 

1.  To  find  the  weight  of  a  quantity  of  stone  equal  to  the  mill-eye ; 
toke  any  quantity  which  seems  most  proper  for  the  weight  of  the  spindle 
CD,  and  the  lantern  X,  and  subtract  this  quantity  from  the  weight  of  the 
■It«tone*8  equipage,  for  a  first  quantity.  Find  the  area  of  the  mill-eye, 
ad  multiply  it  by  the  weight  of  a  cubic  foot  of  stone  of  the  same  kind  as 
Ac  mill-stone,  and  a  second  quantity  will  be  had.  Multiply  the  area*  of 
tkc  millrstone  1^  the  weight  of  a  cubic  foot  of  the  same  stone,  for  a  third 
^Dtity.  Multiply  the  first  quantity  by  the  second,  and  divide  the  product 
Ij  the  third,  and  the  quotient  will  be  the  weight  required. 

2.  To  find  the  number  of  cubic  feet  in  the  turning  mill-stone,  supposing 
tftolaTe  no  eye;  from  the  weight  of  the  spindle  and  lantern  subtract  the 
yantity  found  by  the  preceding  rule,  for  the  first  number.  Subtract  this 
Btmimber  from  the  weight  of  the  equipage,  and  a  second  number  will 
k  obtained.  Divide  this  second  quantity  by  the  weight  of  a  cubic  foot  of 
Hooe  of  the  same  quality  as  the  mill-stone,  and  the  quotient  will  be  the 
number  of  cubic  feet  in  E  M  P  F,  m  C  being  supposed  to  be  filled  up. 

3.  To  find  the  quantities  m  N  and  E  M,  i.  e.  the  thickness  of  the  mill- 
ow  St  its  centre  and  circumference;  divide  the  solid  content   of  the 

■iO-stone,  as  found  by  the  preceding  rule,  by  its  area,  and  you  ;M'ill  have 
the  first  quantity.  Add  &R,  which  is  generally  about  an  inch,  to  twice 
the  diameter  of  a  grain  of  com,  for  a  second  quantity.  Add  the  first 
quatity  to  one-third  of  the  second,  and  the  sum  will  be  tlie  thickness  of  the 
■ffl-ftone  at  the  circumference.  Subtract  the  third  of  the  second  quantity 
from  the  first  quantity,  and  the  remainder  will  be  its  thickness  at  the  centre. 

The  size  of  the  mill-stone  being  thus  found,  its  velocity  is 
next  to  be  determined.  M.  Fabre  observes,  that  the  flour 
is  the  best  po:^sible  when  a  mill-stone  five  feet  in  diameter 
makes  from  48  to  61  revolutions  in  a  minute.  Mr.  Ferguson 
allows  GO  turns  to  a  mill-stone  six  feet  in  diameter;  and 
Mr.  Imison  120  to  a  mill- stone  4 J  feet  in  diameter.  In  ' 
mills  upon  Mr.  Imison 's  construction,  the  great  heat  that 
must  be  generated  by  such  a  rapid  motion  of  the  mill-stone, 
must  render  the  meal  of  a  ven-  inferior  quality :  much  time, 
on  the  contrar}',  will  be  lost,  when  such  a  slow  motion  is 
employed  as  is  recommended  by  M.  Fabre  and  Mr.  Ferguson. 
In  the  best  corn-mills  in  this  country,  a  mill-stone  five  feet 
in  diameter  revolves,  at  an  average,  90  times  in  a  minute. 
The  number  of  revolutions  in  a  miimte,  tlicrcfore,  which  must 
be  assigned  to  mill-stones  of  a  ditfcrcnt  size,  may  be  found 
by  dividing  450  by  the  diameter  of  the  mill-stone  in  feet. 

The  spindle  c  D,  which  is  commonly  six  feet  long,  may  be  made  either 
of  iron  or  wood.  When  it  is  of  iron,  and  the  weight  of  the  mill-stone 
7558  pounds  avoirdupois,  it  is  generally  three  inches  in  diameter;  and 
wkok  made  of  wood,  it  is  10  or  11  inches  in  diameler.  Tor  mill-stones  of 
a  different  weight,  the  thickness  of  the  spindle  may  be  found  by  propot. 
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tioning  it  to  the  square  root  of  the  mill-stone's  weight,  or  which  is  peirly 
the  same  thing,  to  the  weight  of  the  mill-stone's  equipage. 

The  greatest  diameter  of  the  pivot  D,  upon  which  the  mill>stone  rests, 
should  be  proportional  to  the  square  root  of  the  equipage,  a  pivot  half  an 
inch  diameter  being  able  to  support  an  equipage  of  5398  pounds.  In 
most  machines,  the  diameter  of  the  pivots  is  by  far  too  large,  being  capaUe 
of  supporting  a  much  crreater  weight  than  they  are  obliged  to  b^.  Tits 
friction  is  therefore  increased,  and  the  performance  of  the  machine 
diminished. 

The  bridge-tree,  AB,  is  generally  from  8  to  10  feet  long,  and  should 
always  be  elastic,  that  it  may  yield  to  the  oscillatory  motion  of  the  mill- 
stone. When  its  length  is  nine  feet,  and  the  weight  of  the  equipage  5182 
pounds,  it  should  be  six  inches  square;  and  when  the  length  remains 
unchanged,  and  the  equipage  varies,  the  thickness  of  the  bridge-tree  should 
be  proportional  to  the  square  root  of  the  equipage. 

Although  the  mechanism  of  a  Hour-mill  is  exceedingly 
simple,  the  profitable  manufacture  of  flour  requires  consider- 
able experience  and  attention.  We  sliall  therefore  give  a 
sketch  of  the  points  most  particularly  to  be  attended  to  in 
such  manufacture. 

The  v/heats  that  grow  in  Essex  and  Kent  make  the  best 
flour.  In  choosing  the  wheat  much  attention  should  be  paid 
to  the  thinness  of  the  skin  and  to  its  cleanliness  from  weed. 
Good  wheat  may  be  known  by  its  weight,  which  should  be 
about  62  pounds  per  Winchester  bushel  of  32  quarts.  The 
wheat  to  be  manufactured  into  the  best  flour  should  be 
winnowed. 

The  miller  judges  of  the  quality  of  the  flour  by  feeling  it, 
and  accordingly  as  it  is  too  fine  or  too  coarse  regulates  the 
upper  mill-stone,  or  increases  or  decreases  the  supply  of 
grain.  The  flour  in  grinding  always  acquires  a  slight  warmth, 
and  care  must  be  taken  that  the  wannth  does  not  increase,  or 
the  flour  will  be  permanently  injured. 

The  dressing  of  the  flour  is  of  great  importance,  and  too 
much  attention  cannot  be  paid  to  it.  The  bran  should  be  in 
large  flakes  and  free  of  flour.  In  grinding  the  best  wheats, 
in  the  best  manner,  the  bran  will  amount  to  about  seven 
pounds  per  busliel. 

In  the  process  of  dressing,  the  bran  is  examined  as  a 
criterion  to  know  whether  too  much  flour  be  admitted  upon 
the  machine.  Care  sliould  be  taken  to  have  the  bnish  screwed 
close  to  the  end  of  this  machine. 

French  stones  of  about  four  feet  in  diameter  are  expected 
TO  t^rind  about  five  bushels  per  hour. 

N*r.Thnuias  Fcnwick,  the  author  of  Four  Essays  on  Practical 
P*Ic:^hr.nirs,  has  made  numerous  experiments  on  some  of 
the  best  mills  for  grinding  com,  in  order  to  form,  by  practical 
observation,  a  set  of  tables  illustrative  of  the  effect  of  a  given 
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qoantity  of  water,  in  a  given  Ume^  applied  to  an  oversliot- 
viieel  of  a  given  size. 

The  quantity  of  water  expended  on  the  wheel  was  measured 
with  great  exactness :  the  com  used  was  in  a  medium  state 
of  diyness;  the  mills,  in  all  their  parts,  were  in  a  medium 
voxidng  state;  the  mill-stones,  making  from  90  to  100 
revolutions  per  minute,  were  from  44  to  5  feet  in  diameter. 

The  result  of  the  experiments  was,  that  the  power  requi>ite 
to  raise  a  weight  of  300  pounds  avoirdupois,  with  a  velocity 
of  190  feet  per  minute,  would  grind  one  boll  of  good  rye  in 
one  hour ;  but  for  the  sake  of  making  the  following  tables 
hokl  in  practice,  where  imperfection  of  construction  exists 
la  some  small  degree,  he  took  it  at  300  pounds  raised  with 
a  velocity  of  210  feet  per  minute,  (being  Voth  more,)  and 
iir  grinding  two,  three,  four,  or  five  bolls  per  hour,  requires 
I  power  equal  to  that  which  could  raise  300  pounds  with 
the  velocity  of  350,  506,  677j  or  865  feet  per  mmute  respec- 
tiTely.  The  difference  of  the  power  requisite  to  grind  equal 
quantities  of  wheat  to  that  for  rye  will  be  very  trifling. 

To  enable  the  young  mechanist  to  understand  the  applica- 
tion of  his  principles,  he  adds,  as  an  illustration,  that  that 
nomber  of  horses,  or  other  applied  power,  which,  by  means 
ai  a  rope  (considered  as  without  weight)  passing  over  a 
single  pulley  placed  over  the  mouth  of  a  pit  or  well,  can 
raise  out  of  it  a  load  of  300  pounds  avoirdupois,  at  the  rate 
of  210  feet  per  minute,  will  be  suflicient  to  grind  one  boll  of 
com  per  hour;  and  that  a  power  which,  in  similar  circum- 
stances, can  raise  the  same  weight  of  300  pounds  with  a 
velocity  of  350  feet  per  minute,  will  be  able  to  grind  two 
bolls  of  com  per  hour,  and  so  on. 

Having  made  some  experiments  to  ascertain  the  friction 
of  a  mill,  when  going  with  velocity  suflicient  to  grind  two 
bolls  of  com  per  hour,  he  relates  the  manner  in  which  he 
made  them,  that  the  reader  may  be  able  to  judge  of  the 
accuracy  of  his  deductions. 

The  mill  was  made  quite  clear  of  com,  and  the  upper 
miU-stone  raised  so  that  it  would  touch  as  little  as  possible 
on  the  under  stone  in  its  revolutions ;  then  such  a  quantity 
of  water  was  admitted  to  flow  on  the  water-wheel,  as  to  give 
the  mill,  when  empty,  the  same  velocity  it  had  when  grinding 
com  at  the  rate  of  two  bolls  per  hour,  which  quantity  of 
water  was  sufficient  to  raise  a  load  of  300  pounds  with 
a  velocity  of  100  feet  per  minute,  which  was  therefore  con- 
sidered by  him  as  the  measure  of  the  friction.  Now  as  the 
power  requisite  to  grind  two  bolls  of  com  per  hour,  including 
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the  friction  of  the  miU,  i£  equal  to  that  which  can  raise 
a  weight  of  300  pounds  with  a  velocity  of  350  feet  per 
minute^  and  the  friction  of  the  moving  parts  of  the  mill  is ' 
equal  to  a  power  which  would  raise  300  pounds  with  a 
vebcity  of  100  feet  per  minute ;  therefore  the  difference  of 
the  two^  which  is  300  pounds  raised  witli  the  velocity  of 
250  feet  per  minute,  is  equal  to  the  power  employed  in  the 
actual  grinding  of  the  com^  which  is  about  two-thirds  of  ths 
whole. 

The  power  equal  to  raise  a  weight  of  300  pounds  avoir- 
dupois, with  a  velocity  of  390  feet  per  minute,  will  prepare 
properly  one  ton  of  old  rope  per  week,  for  the  purpose  of 
making  paper:  and,  for  preparing  in  like  manner,  two  tons 
of  the  same  kind  of  materials  per  week,  requires  a  power 
equal  to  raise  300  pounds  with  a  velocity  of  525  feet  per 
minute,  the  mill  working  from  10  to  12  hours  per  day. 


Tables,  showing  the  qitantiiy  of  water  (ale  measure)  re- 
quisite to  grind  different  quatitities  of  corUy  from  one 
to  Jive  holL  (Winchester  measure)  per  houry  applied  on 
overshot  water-wheels  from,  10  to  32  feet  diameter ;  cdso 
the  size  of  the  cylitider  of  the  common  steam-engine  to 
do  the  same  work. 


The  water-wheel,  10  feet 

The  water-wheel,  11  feet 

diameter. 

diameter. 

Bolls  of 

Quantity  of 

Diameter  of 

Bolls  of 

Quantity  of 

Diameter  of 

corn 

water   renui- 
site,  in  ale 

the  cylinder  of 

1    com 

water  requi- 

the cvliuder  of 

ground 

a  steam-engine 

ground 

site,  in  ale 

a  stei;m-tfngine 

per 

gallons,  per 

to  do  the  same 

per 

gallons,  per 

to  do  tlie  same 

hour. 

nuoute. 

work,  in  inches. 

hour. 

minute. 

work,  io  inches. 

1 

786 

12-5 

1 

705 

12-5 

n 

1056 

14-6 

u 

945 

14-6 

2 

1341 

16-75 

2 

1188 

16-75 

31 

1617 

18-5 

2i 

1454 

18-5 

3 

1894 

20-2 

3 

1?23 

202 

3i 

2220 

21-75 

3* 

2014 

21-75 

4 

2541 

23-25 

4 

2306 

23-25 

4i 

2891 

2475 

4i 

2626 

24-75 

5 

3242 

26-25 

5 

2944 

26-25 

^^^^^^Hi   "J 

r 

The  water-wheel,  )2  feet 

The  water-wlieeli  14  feet 

■ 

diiuneler. 

diameter. 

1 

bUiat 

Qaantity  of 

Diameter  of 

Boils  of 

Quantity  of 

Diamettr  of 

OMtr» 

waier  requi- 

tlw  cylinder  of 

corn 

water  requi- 

the   cylinilcr   off                  ^| 

pwiul 

■ir*,  iu  ale 

ft  UefttQ-engine 

grouiid 

aite«  id  ale 

a  steani-engitie 

^H 

f" 

f»lloiw.  per 

to  do  the  feamc 

pel 

gaUoQS.  per 

to  do   thie  same 

^^^^M 

Ww. 

mtaute 

work,  in  incbci. 

bouTi 

mioute. 

weak,  in  inches. 

■ 

1 

655 

12-5 

I 

564 

12-5 

u 

873 

14-6 

H 

740 

14-6 

^^H 

2 

1091 

1 673 

2 

927 

16-75 

^^H 

2i 

1343 

18"5 

2| 

1140 

18-5 

^^H 

3 

J  576 

20-2 

3 

13.^^3 

20-2 

^^H 

31 

1840 

21-75 

3i 

1583 

2175 

^^H 

4 

i>n7 

23  25 

4 

1811 

23-25 

^^^1 

41 

2408 

24-76 

M 

2060 

24-75 

^^H 

5 

2700 

26-25 

5 

2306 

26-25 

■ 

The  water-wheel,  13  feet 

The  water-wheel,  15  feet 

diameter 

diameter. 

1 

1 

Wttt*r. 

gatloas  pcT 
Binute. 

Cyliader,  iu 
JDches. 

Bolh. 

Water, 

gallon*  per 

niaute. 

Cylimler,  id 
incltea. 

606 

12-5 

1 

535 

12-5 

11 

806 

14'6 

11 

710 

14-6 

^^1 

2 

l(KI9 

lG-75 

2 

y94 

1675 

^^1 

21 

1234 

18-5 

2i 

1090 

18  5 

^^H 

3 

1458 

2*>'2 

3 

1290 

20-2 

^^1 

1     ^i 

1705 

21-75 

3i 

1503 

2175 

^^1 

4 

1952 

23-25 

4 

1717 

23*25 

^^H 

*i 

'2223 

24-75 

41 

1967 

2475 

^^1 

5 

2494 

26-25 

& 

2211 

26-25 

J 
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The 

water-wheel,  16  feet 

The  water-wheel,  18 

diameter. 

diameter. 

|BqIU  oi 

Qnaittily  of 

Diameter  of 

Botls  of  Qai&iity  of 

Diarn 

COTH 

water  rcqui- 
»i^,  ID  ale 

the  cvljoder  of 

com 

waXvt  ret]«i> 

the  cyl 

gnnind 

A  steam-tDfine 

gmatid 

ikcf  ia  tie 

■  steal} 

P" 

gaJleoa,  per 

to  do  tke  same, 

per 

gallooa,  j>er 

to  da  1 

[   Lout. 

[Euautt. 

workj  m  itiches. 

hour.  ! 

miDute. 

work,  i. 

1 

491 

J2'5 

1 

410 

li 

li 

650 

14-6 

li  ■      595 

u 

2 

811 

1675 

2 

730 

u 

n 

993 

18'5 

2i 

860 

I^ 

a 

1176 

202 

3 

1054 

2* 

3i 

1380    1 

2175 

34 

1227 

21 

4 

1582 

23-25 

4 

1400 

2: 

ik 

1802 

24-75 

4i 

1600 

2i 

5 

2023 

26-25 

5 

1800 

2t 

The 

water-wheel,  17  feet 

The  vFater-wheel,  19 

diameter. 

diameter. 

1  .p«^ 

Water, 

gtlldtuper 

Cylittder,  m 

BoUi, 
per 

AValer, 

Cilia 

liour. 

miaute. 

hour. 

I 

minute. 

411 

1 

458 

12-5 

li 

11 

628 

14*6 

H 

550 

1. 

2 

770 

1675 

2 

690 

U 

21 

943 

185 

2i 

845 

n 

3 

1117 

20*2 

3 

lOUO 

2* 

3i 

1300 

2175 

3* 

1165 

21 

4 

1482 

23-25 

4 

1330 

2f 

^ 

1605 

2475 

4i 

1517 

2^ 

h 

1906 

2625 

5 

1-07 

2( 
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The  water-wheel,  20  feet 

^fhe  water-wheelj  22  feet 

diameter. 

diameter.                J 

Mod 

Quantity  cf      Diameter  of 

BolU  of 

Quantity  of 

Diameter  of 

am 

wilcr  requi>   the  cylittder  of 

corn 

water  requi- 

the  cylinder  of 

1    pm^ 

site,  io  de 

a  »te«n-«)gme 

ground 

&Uc,  m  ale 

a  ste:ini-«agi&e 

per 

g*lbii«,  per 

Lo  do  tbe  same 

per 

gallans,  per 

♦o  do  the  same 

bur. 

mmule. 

wQrb,iniac1]es. 

hour. 

mmute. 

work,  in  inches. 

1 

392 

12-5       1 

1 

350 

12  5 

H 

530 

14-6 

H 

473 

14  6 

2 

675 

16-75 

2 

594 

16-75 

n 

&m 

18-5 

2i 

722 

185 

3 

945 

20-2 

3 

860 

20-2 

3i 

1110 

21  ^S 

34 

im 

21-75 

4 

1270 

23-25 

4 

1153 

23*25 

4i 

1445 

24-75 

4* 

1313 

24-75 

a 

1623    ' 

26'25 

5 
1 

1472 

26-25 

The 

\rater-wbeelj  21  feet 

The 

water-wheel^  23  feet 

dinnieter. 

1 

diameter. 

BoU-i, 

Water, 
gallons  per 

CvUnder  m^ 
jQch.cs> 

Bolls,' 
pet 

Water, 
^allau&  per 

1 

Cylinder,  iu 
iDcliei^i 

hoiir. 

iniDutf, 

hour. 

minuter 

I 

370 

12-5 

1 

338 

12'5 

U 

hOO 

146 

u 

454 

146 

O 

mh 

16-75 

2 

570 

16-75 

2i 

707 

18  5 

2h 

707 

18  5 

3 

<J(X* 

20-2 

.'1 

824 

202 

31 

1060 

21-75 

.    3i 

U64 

21vr> 

4 

1212 

2;J-25 

S     4 

1 124 

23±'> 

4i 

1370 

24-75 

1     4..^ 

1258 

24*75 

5 

1547 

2025 

5 

1412 

26*25 
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The  water-wheel,  24  feet 
diameter. 


The  water-wheel,  26  feet 
diameter. 


Bolls  oil 
com 

ground 
per 
hour. 


Quantity  of 
water  requi- 
site, in  aJe 
gallons,  per 
minute. 


1 

u 

2 
2i 

3 

34 
4 

4i 
5 


327 

436 

545 

671 

788 

920 

1050 

1204 

1350 


Diameter  of 

the  cylinder  of 

a  steam-engine 

to  do  the  same 

work,  in  inches. 


12-5 
14-6 
1675 
18-5 
20-2 
21  75 
23-25 
2475 
26.25 


The  water-wheel,  25  feet 
diameter. 


Bolls, 

Water, 

per 

gallons  per 

hour. 

minute. 

1 

316 

u 

418 

2 

520 

2i 

635 

3 

752 

3i 

876 

4 

985 

^ 

1150 

5 

1300 

Cylinder, 
inches. 


12-5 

14-6 

1675 

18-5 

20-2 

2175 

23-25 

2475 

26-25 


Bolls  of] 

com 
ground 

hour. 


1 

i» 

2i 
3 

34 
4 

44 
5 


Quantity  of 
water  requi- 
site, in  aJe 
gallons,  per 
minute. 


303 
403 
504 

617 
730 
852 
975 
1111 
1247 


Diameter  of 
the  cylinder  of 
a 

to  do  the 
in 


12-5 

14-6 

1675 

18-5 

20-2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,  27  feet 
diameter. 


Bolk, 
hour. 


1 

I' 

3 

34 
4 

4i 
5 


Water, 

gUlons  per 

minnte. 


293 
385 
482 
593 
703 
822 
940 
1070 
1200 


Cylinder,  i 
indies. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-76 

23-25 

24-75 

26-25 
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The  water-wheel,  20  feet 

The  water-wheel,  22  feet 

diameter. 

diameter. 

Bdbai 

Qaantity  of 

Diameter  of 

Bolb  of 

Quantity  of 

Diameter  of 

on 

w»t«r  requi- 
site, in  aie 

the  cylinder  of 
a  Bteam-eDgiue 

com 
ground 

water  requi- 
site, in  sde 

the  cylinder  of 
a  steam-engine 

£. 

gftUons^per 

to  do  the  same 

per 

gallons,  per 

minute. 

work,  in  inches. 

hour. 

minute. 

work,  in  inches. 

1 

392 

12-5 

1 

350 

12-5 

It 

530 

14-6 

14 

473 

14-6 

2 

675 

16-75 

2 

594 

16-75 

21 

808 

18-5 

24 

722 

18-5 

3 

945 

20-2 

3 

860 

20-2 

3i 

1110 

2175 

34 

1007 

2175 

4 

1270 

23-25 

4 

1153 

23-25 

4* 

1445 

2475 

44 

1313 

24-75 

5 

1623 

26-25 

5 

I 

1472 

26-25 

The 

water-wheel,  21  feet 

The  water-wheel,  23  feet 

diameter. 

diameter. 

BoUs, 

Water, 
gallons  per 

Cylinder  in. 
inches 

Bolls, 
per 

Water, 

gallons  per 

1 

Cylinder,  in 
inches 

boor. 

minute. 

hour. 

minute. 

1 

370 

12-5 

1 

3:18 

12-5 

l\ 

500 

146 

u 

454 

14-6 

2 

6:^5 

16-75     i 

2 

570 

16-75 

24 

767 

18-5 

-^i 

707 

18-.7 

3 

IKX) 

20-2 

1     3 

824 

20-2 

3i 

1060 

21-75 

'     31 

961 

21-75 

4 

1212 

23-25 

i    4 

1124 

2;J-25 

4i 

1379 

24-75     1 

■  ^ 

12.58 

2'l-75 

5 

1547 

26-25 

5 

1412 

26-25 

1 
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The  water-wheel,  32  feet 

diameter. 

Bolls  of 

Quantity  of 

Diameter  of 

corn 
ground 

water  requi- 
site, in  ale 

the  cylinder  of 
a  steam-engine 

per 

gallons,  per 

to  do  the  same 

hour. 

minute. 

work,  in  inches. 

1 

245 

12-5 

u 

325 

14-6 

2 

406 

16-75 

2i 

496 

18-5 

3 

588 

20-2 

3i 

690 

21-76 

4 

791 

23-25 

44 

900 

24-76 

5 

1012 

26-25 

To  make  the  foregoing  tables  applicable  to  mills  intended 
to  be  turned  by  undershot  or  breast  water-wheels:  from 
Smeaton's  experiments  it  appears  that  the  power  required 
on  an  undershot,  water-wheel,  to  produce  an  effect  equal  to 
that  of  an  overshot  (to  which  the  tables  are  applicable,)  is  as 
2-4  to  one  ;  and  also  the  power  required  on  a  breast  water- 
wheel,  which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to 
produce  an  equal  effect  with  an  overshot  water-wheel,  is  as 
175  to  1. 
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te^  showing  the  necessary  size  of  the  cylinder  of  the 
ion  steam-engine  to  grind  different  quantities  of 
,  from  1  to  12  bolls  (^4  to  48  bushels  Winchester 
urej  per  hour. 


BoIIk  of 

Diameter  of 

the  cylinder  of 

gronnd 

a  steam-engine 

per 

to  do  the  same 

hour. 

work,  in  inches. 

I 

12-5 

H 

14-6 

2 

16-75 

2i 

18-5 

3 

20-2 

3i 

21-75 

4 

23-25 

4i 

24-75 

5 

26-25 

54 

27-25 

6 

281 

64 

29- 

7 

29-8 

7i 

31-1 

ii( 

32- 

«i 

3:3-3 

9 

34-2 

94 

35-2 

10 

36- 

104 

37-3 

11 

38- 

114 

38-85 

12 

39-5 

.B.  This  table  will  be  applicable  to  any  improved 
m-engine,  as  well  as  that  of  the  common  kind,  if  the  ratio 
idr  efficacies  be  known. 

APPLICATION  OF  THE  TABLES. 

JMFLE  I. — Jftt  stream  of  water,  producing  808  gallons,  aU  meatftre, 
t,  can  be  applied  to  an  overshot  water-wheel  20  feet  diameter, 
of  corn  icill  it  be  able  to  grind  per  hour  f 
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Look  in  the  tables  under  a  20  feet  water-wheel,  and  opposite  806 
will  be  found  2i  bolls  of  com  ground  per  hour. 

Example  II. — If  a  stream  of  water  producing  SOS  gallon*,  akm 
per  minute,  can  be  applied  to  an  undershot  water-wkeel  20  feet  A 
what  quantity  of  com  can  it  grind  per  hour  ? 

It  is  found  by  tlie  tables,  that,  if  applied  on  an  overshot  wtta 
20  feet  diameter,  the  stream  will  grind  2i  bolls  per  hour;  am 
page  156,  the  power  required  by  the  undershot  to  that  of  the  o 
water-wheel,  to  produce  an  equal  effect,  is  as  2*4  to  1 ;  therd 
2-4:1:  2-5  :  104  bolls  of  com  ground  per  hour  by  means  of  the  sti 

Example  III. — If  a  stream  of  water,  producing  808  gallone,  ale  m 
per  minute,  can  be  applied' on  a  breast  water-wheel  20  feet  diametei 
quantity  of  com  can  it  grind  per  hour? 

It  is  found  by  the  tables,  that,  if  applied  to  an  overshot  water-w 
equal  size,  2^  bolls  of  corn  will  be  ground  per  hour;  and  from  pa{ 
the  power  of  a  breast  water-wheel  to  that  ot  an  overshot  Vater-wh 
proauce  an  equal  effect,  is  as  1-75  to  1 ;  therefore,  as  1-75  :  1  ::  2*5 
t)olls  of  corn  ground  per  hour  by  the  stream. 

Example  IV. — Of  what  diameter  must  the  cylinder  of  a  eommom 
engine  be  made,  to  grind  10  bolls  of  com  per  hour? 

By  looking  on  the  table,  page  157,  opposite  10  bolls  ground  pei 
the  diameter  of  the  steam  cylinder  will  be  found  to  be  36  inches. 

FAMILY  MILL  AND  BOLTER. 

As  a  family  mill  aiid  bolter  cannot  but  be  highly  use 
many  situations,  we  shall  give  a  description  of  one  or 
beginning  with  that  invented  by  Mr.  T.  Rustall,  of  Purb 
heath,  near  Portsmouth,  who  received  a  premium  of 
guineas  from  the  Society  of  Arts  for  his  invention. 

In  fig.  157,  A  is  the  handle  of  the  mill ;  B  one  of  the  milln 
which  is  about  30  inches  in  diameter,  and  five  inches  in  thickness,  t 
with  its  axis  C ;  D  is  the  other  mill-stone,  whi«h,  when  in  use,  is  stati 
but  which  may  be  placed  near  to  or  at  a  distance  from  the  movable 
B,  by  means  of  thr^  screws  passing  through  the  wooden  block  I 
supports  one  end  of  the  axis  C,  after  it  has  been  put  through  a  1 
perforation  in  the-bed  stone.  The  grain  likewise  passes  3iroug 
perforation,  from  the  hopper  F,  into  the  mill.  F  represents  the  I 
which  is  agitated  by  two  iron  pins  on  the  axis  C,  th'dt  alternately  la 
vessel  containing  the  grain,  which  again  sinks  by  its  own  weigt 
consequence  of  this  motion  the  corn  is  conveyed  through  a  spw 
passes  from  such  hopper  into  the  centre  of  the  mill  behind,  ana  tl 
the  bed-stone  D.  G,  a  paddle,  reijulating  the  quantity  of  com 
delivered  to  the  mill,  and  l)y  raisinj:!^  or  lowering  which,  a  larger  or  i 
proportion  of  grain  may  he  furnished;  II,  the  recontacle  for  the  flou 
which  it  falls  from  the  mill-stones,  when  ground  ;  I  represents  one 
wooden  supporters  on  which  the  bed-stone,  D,  rests.  These  are  m 
to  the  block  E,  and  likewise  mortised  into  ihe  lower  frame-work 
mill  at  K,  which  is  con;iected  by  means  of  the  fiins  or  wedges,  L 
that  admit  the  whole  mill  to  be  easily  taken  to  pieces;  M,  a  fly- 
placed  at  the  farthest  extremity  of  the  axis  C,  and  on  which  anotlier  1 
may  be  occasionally  fixed ;  N,  a  small  rail,  serving  to  keep  the  hoppe 
place,  the  furthest  part  of  such  hopper  resting  on  a  small  pin, 
admits  of  sufficient  motion  for  that  vessel  to  shake  forward  the  cor 


es  in  breadth,  and  18  inches  in  depth.  A  is  a  movable  partition^ 
boat  four  feet  backwards  or  forwards  from  the  centre  of  the  box, 

0  wooden  ribs,  which  are  iiied  to  the  back  and  front  of  the  box, 
of  which  is  delineated  at  the  letter  B ;  C,  the  lid  of  the  belter, 

ied  open  ;  D,  a  slider,  which  is  movable  in  a  groove  made  in  the 
wans  of  two  handles  in  the  back  of  such  lid  ;  £,  a  forked  iron,  fixed 
ider  D,  and  which,  when  the  lid  is  shut,  takes  hold  of  the  sieve  F, 
res  it  backwards  and  forwards  on  the  wooden  ribs  B,  according  to 
don  of  the  slider;  G  represents  a  fixed  partition  in  the  lower  centre 
ox»  which  it  divides  into  two  parts,  in  order  to  separate  the  fine 
E  coarse  flour ;  from  this  partition  the  slider  A  moves  each  way 
irindtts,  and  thus  affords  room  for  working  the  sieve;  H,  a  board 
■nJlel  to  the  bottom  of  the  bolter,  and  forms  part  of  the  slider  A  ; 
d  serves  to  prevent  any  of  the  sifted  matter  from  falling  into  tlie 
iztiuoo;    I   represents  two  of  the  back  feet  which  support  the 

59  is  a  view  of  the  top  or  upper  part  of  the  lid  of  the  bolter ;  R 
er  that  moves  the  lengthwise  of  the  bolter;  LL  the  handles  bv 
K  slider  is  worked ;  M,  a  screw,  serving  to  hold  the  fork,  which 
notion  to  the  sieve. 

60  represents  the  forked  iron,  £,  separately  from  the  lid. 

1  the  mill  and  bolter  may  be  constructed  at  a  moderate 
e,  and  they  occupy  only  a  small  space  of  ground. 
inner  may  even  be  worked  in  a  public  kitchen,  or 

a  room  in  a  farm-house,  without^  occasioning  any 
DCDmbrance. 

particular  excellence  of  this  mill  consists  in  this  cir- 
Bce,  that,  from  the  vertical  position  of  its  stones,  it 
e  pat  in  action  without  the  intervention  of  cogs  or 
•  It  may  be  employed  in  the  grinding  of  malt,  tlie 
ig  of  oats  for  horses,  and  for  making  tiour,  or  for  *..U 
pvrpoBes :  it  likewise  ma}'  be  easily  altered,  so  us  to 

m^hmr  nf  tlinsA   nrtinlps  to   n    rrrpnfpr  or  b«««  r1p<rr<*p  (if 
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rate  of  one  bushel  of  wheat  within  the  hour.  Besid 
industrious  farmer  will  thus  be  enabled  to  make  comp 
experiments  on  the  quality  of  his  grain,  and  may 
himself,  at  a  trifling  expense,  with  flour  from  his  own 
without  apprehending  any  adulteration,  or  without 
exposed  to  the  impositions  or  caprice  of  fraudulei 
avaricious  millers. 

Lastly,  though  Mr.  RustaH's  bolter  be  more  parti 
calculated  for  sifting  flour,  it  may  also  be  applied  to ' 
other  useful  purposes,  and  especially  with  a  view  to  < 
the  inconveniences  necessarily  attendant  on  the  leviga 
noxious  substances,  and  to  prevent  the  waste  of  the 
particles. 

In  order  to  reduce  the  labour  in  grinding,  and  to 
the  power  to  the  acquired  force,  and  also  to  simplify 
makmg  and  grinding,  and  to  reduce  the  expense  att 
upon  them,  so  as  to  enable  the  farmer  and  houseke 
be  independent  of  the  miller's  system  of  grinding,  Mr.< 
Smart,  of  the  Ordnance-wharf,  Westminster-bridge,  ii 
1814,  obtained  a  patent  for  certain  improvements  in  mac 
for  grinding  corn,  and  various  other  articles,  by  m€ 
which  every  article  required  to  be  broke  or  ground  isexp 
the  application  of  rubbers  or  crushers,  resting  on  their  fid 
and  pressed  against  the  revolving  body  by  means  of 
weights,  or  springs.  The  rubbers,  or  crushers,  each 
on  a  separate  axle,  will  admit  of  any  irregular  surface 
a  square  to  a  circle,  to  revolve  against  them,  as  ea 
be  loaded  more  or  less,  by  moving  the  weights  on  the 
further  from,  or  nearer  tOj  the  fulcrum ;  or,  if  with  s 
by  screwing  them  more  or  less  down.  The  rubl 
crushers  may  be  plain,  grooved,  circular  sided,  coua 
any  other  figure  best  adapted  for  the  substance  to  be 
or  ground.  The  square  or  octagon  are  best  adapt 
breaking  cement- stones,  bones  for  manure,  chalk,  i 
clay,  mortar,  &c.  For  breaking  malt,  beans,  &c.  one  x 
only  is  wanted;  but  for  wheat,  oats,  barley,  rice,  ^ 
flour,  or  meal,  the  more  rubbers  or  crushers  the  fir 
article  will  be  ground ;  and  the  more  flats  there  are  i 
revolving  body,  the  more  crushers  can  be  applied  to  advi 

HAND-MILLS 

Arb  most  commonly  used  in  grinding  coffee  and  s 
but  they  are  sometimes  made  of  a  larger  size,  and  u 
grind  wheat,  malt,  &c. }  in  such  cases  the  hand  is  gei 


11^  m,  iilM 


AM>  MAcannsr. 


161 


^. 


to  a  wioch  liaiidfe.  In  fiockler*s  TVo/rmi  Mm^ 
ll»ere  is  a  descnptiao  of  a  miQ,  io  which  the  efkat 
of  a  man  is  apolied  to  a  Imr  monn^  to  and  fio  horlzontalljry 
Msriy  aa  in  tJie  actioo  of  nnring :  as  this  is  a  veiy  adt'an- 
tagcoua  method  of  applymg  human  str^igth,  the  effbrt  brtn|; 
fitaUj  assisted  bj  Uie  heaviness  of  the  man  in  leaning 
bidEy  we  shall  give  a  brief  description  of  it, 

U  u  ivpnseDtfd  in  6f,  l6l.  Tbe  Tcrtical  sluift  £  C  cvrtes  a  toothed 
"  C^«fid  a  solid  wheel  F;  ih*  lauer  being  iateoded  to  operate  \&  m 
'-"  df.  Upon  the  crank  AB  hangs  one  end  of  an  iron  I«  the 
which  banes  ii|Km  the  lerer  H  K»  the  motion  being  pretty  tree 
of  this  bar  L  One  end  of  the  lexer  li  K  h$in^  upon  the* fixed 
'Indt  K,  about  Trhidi,  as  a  centre  of  motion,  it  turns,  Tlien.  while  a  man» 
Vf  palliof  At  the  IcTer  H  K,  moves  the  exlremiiy  H  from  II  to  N,  the  bar 
I  aeUik^  tipoo  the  crank  A  B  giTe*  to  the  wheels  C  and  F  half  a  rotation ; 
nd  Ibt  nuiDfntiiin  they  have  acquired  will  cany  thera  on,  the  man  at  lh« 
il  to  turn  back  from  N  to  H,  while  the  other  half  of  the  rota- 
*^M  i«  completed.  In  like  manner  another  soflScient  pull 
lever  H  K  gives  another  rotation  to  the  wheel  C^  and  so  on,  at 
Tl^ie  wheel  C  turns  bj  its  teeth  tlic  trundle  D,  the  spindle  of 
ourif-ii  th*'  upper  mill-stoue,  just  as  the  spindlt  D  carries  round  the 
in  tig  1.S^.  In  this  mill  ihb  nearer  the  end  of  the  bar  I  upon 
tki  U  to  the  fixed  hook   K,  the  easier,  ca:terh  parihutt^  wilt  iho 

ttSD  wurx.  iri'  nkilL  If  the  uumbcr  of  tceth  in  the  wheel  C  bo  six  timts 
tU  number  «jf  co^  in  the  trundle  D,  then  the  hihourer,  by  making  ten 
poRs  at  tiic  levtr  H  in  a  minute,  will  give  sixty  revolutions  lotfic  upper  milh 
moot  in  the  same  space  of  time. 

In  the  Transact iotis  of  the  Society  of  Arts^  may  be  Been 
a  descriplton  of  a  mill,  invented  by  Mr.  Garnett  Tcri^^, 
of  the  City- road,  for  grinding  hard  subtslances,  by  nifans 
of  a  wheel  turning  upon  a  horizontal  uxis  instead  of  a 
vertical  one,  as  in  the  common  construction*    ^ec  tig.  162. 


THE   rOOT-MILL 

used  for  grinding  corn  or  any  other  substance,  moved 
prcisure    of  the  feet  of  iwcn  or  oxen.     A  jtidtcitnii 
oofuitruction  of  the    foot-mill  is  given  in  G.  A.  Bocklcr'n 
[r?i  Mach  inarum . 

iU  is  represented  in  fig.  t63.     A  is  an  inclined  wheeU  which  is 

.1...  ^...,.1,   ,,f  n  ?'    Uj  and  the  impulsive  force  of  his  fret  whila 

>:Iy  pushes  with  his  hftndK  al  the  lioriionlal 

I   has  thin  pieces  of  wood  nailed  upon  it  at 

.  to  keep  the  Teet  of  the  man  from  slipping  whilu  h*:  pashci 

I     find  the  under  side  has  prcijecting  teeth  or  waves  which 

Mt  the  trundle  B,  and  by  that  means  turn  the  horuontal 

^^llL'el  C ;  thu  latter  wheel  tumi  the  trundle  I),  the  aile 

the   upper  miU-stone    E.     This   kind  of  ffMit-mill    will 

,y  well  to  grind   malt,  ice.  when  no  very  great  powfrf  ta 


tviiii   i,iiab  viinuusLiiij^   i^iui-iiv^v.    uuiuti^     uiaavio    v/i    i\iivaiiti 

ilouirh  with  their  bare  feet.     It  would  be  well  if  the  Ic 
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turc  paid  some  attention  to  this,  which  is  still  carried 
some  parts  of  the  metropolis,  and  particularly  in  the  kiu 
of  dough  for  biscuits. 

In  the  public  biiking-hcmscs  of  Genoa  a  machine  v. 
wliicli  proi luces  a  great  saving  of  time  and  labour.  1 
first  described  in  the  Atti  dcUa  Sovicta  Pafnotica  diM 
vol.  ii. 

A,  in  finf.  164,  is  a  frame  of  wood  which  supports  the  axis  of  ihenu 
a  wall  1 1  palms  high  from  the  j;round  may  Ih'  made  use  of  ins 
this  frame.  B,  a  wall,  3f  palms  thick,  through  which  the  aforesa 
passes.  Cy  another  wall,  similar  to  the  former,  and  facini^  it  at  tlie  d 
of  21  palms.  D,  the  axis,  30  palms  in  length,  and  one  palm  and  or 
in  thicknc^H.  £,  the  great  wheel,  fixed  to  tnu  said  axis,  between  thi 
and  the  wall ;  its  diameter  is  28  palms ;  and  its  breadth,  which  is  cap 
holding  two  men  occasionally,  is  five  palms.  F,  are  steps,  by  treac 
which,  the  men  turn  the  wheel  very  smartly ;  they  are  two  palms 
from  each  other,  and  one-third  of  a  palm  in  height.  G,  a  small  whe 
cogs,  fixed  almost  at  the  further  extremity  of  the  axis:  its  diam 
121  palms.  II,  a  beam  of  wood  which  extends  from  one  wall  to  tli< 
being  21  palms  in  length,  and  one  and  a  third  in  thickness.  A  similai 
not  seen  in  the  figure,  is  on  the  opposite  side  of  the  axis.  I,  a  tra 
piece  of  wood,  placed  near  the  wall  C ;  it  is  fixed  into  the  two  bear 
serves  to  support  the  further  extremity  of  the  axis;  its  length  is  14 
and  its  thickness  one  and  a  third :  tliere  is  likewise  a  transverse  piece 
cannot  be  seen  in  the  figure)  14  palms  long,  and  half  a  palm  thick, 
close  to  the  wall  B.  K  is  a  strong  curved  piece  of  oak,  fixed  trans 
in  the  side  beams  II,  to  receive  the  axis  of  the  trundle :  its  lengtl 
palms,  and  its  thickness  1^.  L  is  a  trundle  of  5j  palms  in  di, 
and  11^  in  height,  which  is  moved  by  the  cog-wheel  G.  ISI  i<«  a  < 
proceeding  from  the  trundle  L,  and  continued  through  the  cros«  ^ 
ixittom  orthe  tub  P;  its  centre  is  made  of  iron,  partly  square  and 
round,  and  it  turns  in  a  socket  of  bra.ss.  The  first  part  of  this  axis  b 
the  trundle  L  and  the  cross  N  is  of  square  iron,  surrounded  by  two 
of  wood,  held  together  by  iron  hoops,  which  may  be  removed  at  p 
to  examine  the  iron  within ;  its  length  is  three  palms,  its  diamL-tei 
one  palm.  The  second  part  of  the  axis  which  is  within  the  tube,  i 
likethfa  first  part;  its  length  is  1§  palm,  its  diameter  1^.  Ttie  i 
sheath  of  this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub,  by  the 
of  tliree  screws  with  their  nuts.  This  axis  is  distant  one-third  of 
from  the  nearest  triangular  beater  of  the  cross.  N,  the  cross,  formed 
bars  of  wood  unequally  divided,  so  that  the  four  arn'.s  of  thf  cru«a 
different  lengths  :  one  of  the  two  pieces  of  wood  of  whicli  the  cross  is 
is  six  palms  in  length,  the  other  fire ;  their  thickness  is  -^^  of  a 
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«ik]  that  brewllii  «»ne  i>alm.  <>,  four  pieces  o*  «\hx1,  culled  beatctk^  of  a 
tnaairnUr  wl.itit^  Tivi^d  vertically  into  ihe  extremities  of,  and  underneath, 
the  fUVAi  '  nentioned  cross;  they  are  1|  palm  in  length,  ar»d  hulf 

t  paltn   I  .   rind  beat  or  knead  the  douga  in  the  tub  at  uofqual 

dt»»t-i  P  is  a  stout  wooden  tub,  about  a  quarter  o^  a 

piliii  ah  iron;  its  diameter  is  six  palms,  its  height  li  in 

tluit  ckai.     liij.   Joi   li  a  box  or  trough  of  wood,  four  palms  iox\%,  and 
tbftr  wid»»,  in  which  the  learen  is  formed  ^n  about  an  hour)  in  a  stove,  and 
amed  to  the  tub  P.     Fig.  166  ckhibita  a  view  of 
a  section  of  the  tub.     Fig.  167  is  a  birdVeyc  view 
iPii  ►  ;:li,  »iui  iiie  upper  ends  of  the  triangular  beaters.     This  tub 

?  «»  ibout  18  rubbi  (about  19  bushels)  of  flour,  which  is  carried 

ty  It  »Tir  It  i\en  is  then  f>arried  lo  it  in  the  box  or  trough,  and 

whii  red  Mvith  a  proper  quantity  of  warm  water,  the 

OfTi  ;[  ihe  dough  is  properly  and  completely  kneaded, 

la  j;  ijter  ol  an  hour  is  sufficient  tn  make  very  good  dough ;  but 

an  rx  baker,  who  superintends,  determiues  that   the   operation 

lisiUbt:  continued  a  few  minutes  more  or  less,  according  to  circumstances. 

The  measures  in  l\\vt  preceding  description  are  ^ven  in 
Genoese  palms,  each  of  which  is  very  nearly  equal  to  9.85 
of  our  inches.  The  machinery  may  be  varied  in  its  construc- 
tion according  to  circumstances,  and  the  energy  of  the  first 
morcr  mtich  better  applied  than  by  men  walking  in  a  common 
twheel.  ,      . 

In  Kovemher,  1811,  a  patent  was  granted  to  Mr.  Joseph 
Jaiser,  navy  contractor,  for  a  method  of  kneading  dough  by 
[ticjins  of  machinery.  The  invention  consists  in  having  an 
T.t  J.  ift  turning  on  a  pivot,  fixed  in  tlje  centre  of  a 
)  that  the  dough  placed  in  such  trough  may 
br  Knr.i«Mu  yi\  .i  stou^  or  irOH  rollcr,  on  its  edge,  passmg 
rcT  It  in  a  rotatory  mbtlon,  being  fix(?d  at  a  due  distance  by 
1  bar  or  axle  to  the  shaft,  which  is  to  be  turned 
nne  or  more  other  horizontal  bars  likewise  fixetl 
!  capstan  by  a  proportionate  number 
isuch  horizontal  bars  having  small 
ced  to  thcin^  so  as  to  run  in  the  trough^  and,  acting 
mgh,  cauiie  the  dough  to  present  fresh  surfaces  frfr 
f»ch  KucccHslve  revolution. 

Independent  of  the  methods  above  quoted,  many  otheri 
might  easily  be  adapted,  to  do  away  with  the  filthy  practice 
to  which  wc  have  alluded. 


m2 
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THE  STEAM-ENGINE. 

The  most  prominent  feature  in  modern  discovery  is  tlii^ 
steam-engine,  which  has,  with  much  propriety,  been  deno- 
minated **  the  noblest  monument  of  human  ingenuity."  '^The 
Marquis  of  Worcester,  who  lived  in  the  reign  of  Charles  Il.y 
is  entitled  to  the  honour  of  having  first  directed  the  attention 
of  mankind  to  the  expansive  force  of  steam  when  used  in  a 
close  vessel:  but  ui  the  book  published  by  him  in  1663,  he  is 
not  sufficiently  explicit  or  intelligible,  for  us  to  determine 
what  kind  of  apparatus,  or  combination  of  machinery,  was 
used  by  him  for  the  guidance  of  its  powers.  It  is  however 
but  reasonable  to  suppose,  notwithstanding  the  vagueness  of 
his  expressions,  that  it  was  principally  owing  to  the  direction 
his  observations  gave  to  the  minds  of  others  that  steam  began 
to  be  used  as  a  first  mover  of  machinery. 

When  water  is  exposed  to  the  action  of  heat,  it  expands 
and  assumes  the  gaseous  state  called  steam.  When  it  is 
confined  in  a  close  vessel,  and  heat  is  applied  to  it,  the 
quality  of  expansion  is  exerted  to  a  powerful  extent  ^  and  as 
the  space  between  the  top  of  the  water  and  the  top  of  the 
vessel  is  filled  with  atmospheric  air,  the  first  portion  of  the 
power,  exerted  by  the  expansion  of  the  steam,  is  directed 
towards  the  displacing  of  that  atmosphere  from  the  situation 
which  its  weight  had  assigned  it,  and,  consequently,  such 
portion  of  the  direct  action  of  the  expansive  force  of  steam 
IS  to  be  deducted  from  its  disposable  power.  This  portion 
of  power  is,  however,  ultimately  available.  For  as  by  a 
reduction  of  temperature  steam  reassumes  the  state  of  water, 
leaving  the  space  which  it  had  occupied  again  void,  the 
atmosphere  which  it  had  displaced  returns  to  its  former 
situation,  exerting  a  force,  so  to  do,  exactly  tantamount  to 
that  which  the  steam  had  exerted  to  displace  it.  This  force 
may  be  termed  the  consequent  power  of  steam.  The  direct- 
ing and  controlling  of  these  powers,  so  that  they  may  be 
applied  to  the  purpose  of  creating  equable  motion,  is  the 
object  attained  almost  to  perfection  in  the  steam-engine:  and 
it  is  the  more  accurate  control,  the  more  advantageous 
application,  and  the  more  economic  production  of  these 
powers,  that  have  been  £umed  at  in  its  Various  modifications. 

For  more  perfectly  illustrating  the  mode  in  which  steam  operates  wc  will 
suppose  the  vessel,  represented  at  fig.  168,  to  be  filled  with  water  up  to 
the  line  A,  and  the  space  £  occupied  with  air,  and  having  a  plug  or  piston 
fitting  it  at  C,  and  an  aperture  at  D ;  now  if  the  aperture  D  be  closca,  and 
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>Ued  to  the  water,  as  at  F,  steam  will  be  generated,  and  by  its 
e  force  vrill  raise  the  piston  C  upwards ;  then  if  the  heat  be  with- 
id  the  Tcssel  suddenly  cooled,  condeusatiou  will  take  place ;  the 
saasoming  the  form  of  water,  will  again  occupy  the  space  below 
k,  and  the  piston  C  will  return  to  its  place.  In  this  experiment 
knaire  force  of  the  steam  compressed  the  air  in  the  space  £,  and 
le  plug  C  upwards,  we  will  suppose,  to  U;  but  C,  in  travelling  to 
iced  so  mach  of  the  atmosphere  as  occupied  the  tube  from  C  to  II ; 
sally,  the  portion  so  displaced  will  seek  to  resume  its  natural 
,  and  when  the  force  of  the  steam  is  withdrawn  by  condensation, 
^t  of  that  portion  of  the  atmosphere  will  again  return  the  plug  C 
kce ;  by  which,  it  is  obvious,  that  the  raising  of  the  plug  was  tlie 
ction  of  the  steam,  and  the  returning  its  consequent  action,  or 
n  of  the  atmosphere  in  consequence  of  its  having  been  displaced 
xce  of  the  steam. 

ly  if  wo  suppose  the  plug  to  be  in  its  first  situation,  as  at  C,  and  we 
t  aperture  at  D,  and  apply  heat,  the  steam  will  rise  into  the  space 
expel  the  air  through  the  aperture  D,  which  being  closed,  and 
itioa  caused,  the  space  E  will  be  left  a  vacuum,  and  the  atmo* 
eeking  to  occupy  that  space  will  force  the  plug  C  down  to  the  line 
:  the  movement  of  the  plug  C  was  solely  caused  by  the  atmosphere 
'  itself  to  regain  the  position  whence  it  had  been  expelled  by  the 
:  the  steam  through  D,  and  this  effect  is  performed  by  the  conse* 
over  of  steam  alone. 
I  been  found  by  experiments,  that  the  pressure  of  the  atmosphere  is 

0  about  14  pounds  weight  upon  every  square  inch,  so  that  sup- 
fte  superficies  of  the  aperture  of  the  vessel,  fig.  168,  to  contain  one 
inch,  the  power  exerted  by  the  steam  in  raising  C  to  H  will  be 
Mot  to  raising  14  pounds  weight  that  height,  together  with  the 
necessary  to  overcome  the  friction  and  weight  of  the  piston  C,  in 
ader;  and,  that  the  power  exerted  by  the  steam  in  expelling  the 
hen  irom  the  space  K,  and  obtaining  its  consequent  pressure  to  the 
of  14  pounds  from  A  to  C  ;  and  that  the  disposable  power,  obtained 
KtQro  of  the  piston  from  H,  will,  in  the  first  instance,  be  equal  to  the 
of  14  pounds  weight  from  C  to  H,  less  the  amount  of  the  friction  of  the 
C;  and,  in  the  second,  will  be  equal  to  the  raising  of  14  pounds  weight 
to  A,  less  the  amount  of  the  friction  as  before.  In  both  these  instances 
lansive  or  direct  force  of  the  steam  has  only  been  considered  as  equal 
displacing  of  tlie  atmosphere,  or  what  will  be  equal  to  1 4  pounds 
le  on  each  superficial  inch ;  but  if  the  piston  C  be  loaded  with  any 
:,the  steam  will,  if  urged  with  sufficient  heat,  raise  it,  always  premising 
le  vessel  is  strong  enough  to  resist  the  increased  pressure.  Suppose 
le  knded  with  10  pounds  of  weight,  the  steam  must  be  urged  until  its 
ire  is  equal  to  24  pounds,  10  pounds  more,  14  pounds  the  pressure 
i  atmosphere  on  each  square  inch,  and  the  resulting  disposable  force 
e  equal  to  24  pounds  more,  the  weight  of  C,  less  its  friction  retum- 

the  place  from  where  C  was  raised ;  so  that,  in  this  case,  the  pressure 
e  iDtemal  sides  of  the  vessel,  tending  to  burst  it,  will  be  equal  to 
mds  per  square  inch  of  the  intemial  superficies,  the  remaining 
■ads  being  counteracted  by  the  pressure  ot  the  atmosphere  on  the 
■I  8ur&ce,  which  is  equal  to  14  pounds  of  the  internal  pressure.     By 

1  u  evident,  that  the  direct  force  of  steam  may  be  increased  without 
the  resulting  force  or  pressure  of  the  atmosphere  is  mani- 
to  14  or  15  pounds  on  the  square  inch  according  as  it» 

jfaries. 
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Trusting  from  this  explanation  that  even  those  whc 
iinacciuainted  with  matters  of  this  nature  will  clearly  cona 
Kend  the  manner  in  which  the  expansive  force  of  d 
opcratts,  we  shall  proceed  to  explain  the  different  mecfaai 
combinations  which  have  been  formed  to  render  this  pi 
subservient  to  our  v/ill :  premising  that  what  we  have  ^b 
fore  called  tlie  consequent  power  of  steam  will,  in  futon 
considered  the  pressure  of  tlie  atmosphere,  which  in 
it  is,  having  adopted  the  other  term  in  the  introduc 
explanation,  in  order  more  clearly  to  impress  on  the  m 
t  hilt  the  expansive  force  of  steam  is  actually  the  only  origin 
of  power  in  this  machine. 

The  first  apparatus  with  which  we  are  ac(iuainted,  • 
stniclo.l  for  the  purpose  of  employing  steam  as  power  to 
in  a  close  vessel,  was  invented  by  a  Captain  Savary, 
which,  in  the  year  IG98,  he  obtained  a  patent.  The  fori 
it,  as  invented  by  him,  is  represented  in  fig.  169. 

a,  i\  close  boiler,  placed  on  a  furnace,  and  of  sufTicient  strength  to 
oonhiti(!ra]>le pressure;  B  another  vessel  stroncrly  constructed  ;  ce  apipi 
a  cock  in  it  at  ?,  by  means  of  which  a  communication  can  be  made  from  i 
at  pleasure ;  e  a  pipe  proceeding  downwards  into  a  well  or  other  rescrr 
wator;  ff  another  pipe  proceeding  from  B  to  a  reservoir  placed  a1 
A  A  is  a  pipe  communicating  from  B  to  the  pipe//,  and  having  a  cc 
it  at  k  to  allow  of,  or  cut  off,  such  communication ;  ni  is  a  valve  capa 
closing  llie  pipe  e  by  pressure  from  above,  and  of  opening  it  by  pn 
from  below;  /  a  similar  valve  fitted  to  the  pipe  ffj  and  capable  of 
acted  upon  in  a  similar  manner.  If  the  boiler  a  be  filled  with  water ' 
<loUcd  line,  and  heat  applied  by  means  of  the  furnace,  the  steam  vrii 
ii)  the  boiler,  and,  passing  through  the  pipe  c  r,  fill  tlie  vessel  B,  and 
np  the  pipe//,-  the  valvembeing  shut  by  the  expansive  force  of  the 
prcssini?  upon  it :  if  the  cock  f  be  now  shut  and  the  steam  in  the  vei 
condensed,  by  throwing  cold  water  upon  its  outer  surface,  the  atmos 
presNing  on  iho  valve  m  will  close  it,  and  the  interior  of  the  vessel  B  n 
ii  vacuum,  and  thevsater  in  the  reservoir  to  which  the  pipe  e  passes  w 
ft>rccd  by  the  c  xternal  pressure  of  the  atmosphere  into  the  vessel  B 
tin;  dotted  line,  which  is  su])posed  to  be  about  2o  feet  fr»)m  the  S' 
of  the  wattr  in  the  reservoir,  beinp:  the  length  of  a  column  of  water,  ^ 
(aking  into  account  that  the  vacuum  thus  forme<l  is  not  quite  pcrii 
enual  to  tint  prosMire  that  will  be  exerted  by  the  almosphorc.  If  the 
i  be  opened  a<^ain,  and  the  steam  allowed  to  press  on  the  surface  « 
water,  in  B,  it  will  close  the  valve  »i,  and  cause  the  water  to  Jiscei 
pip*?//,  lhrouj;h  the  valve  /,  lo  the  upper  reservoir ;  and  when  the  < 
i<s  .iv^.tin  shut,  and  tlic  ^tcam  in  l\  again  caused  to  condense,  the  ope 
Mill  be  rtpi'jJnl,  and  the  wei-^ht  of  the  water  in  the  })ipe  //will  clo 
valve  /,  and  cause  the  vessel  B  to  be  filled  by  e  as  before. 

Such  was  the  construction  and  mode  of  operating  with  the  first  app 
Muile  by  Captam  Savary.  But  he,  finding  it  inconvenient  to  cau» 
«!in  vUivMi  by  means  of  throwing  cold  water  upon  the  outer  surface,  intro 
»'."  pipi'  A  A  iT\to  B,  which,  b^*  opening  the  cock  A,  allowed  some  port 
«'•■»■  wall  r  t«»  ]iuss  from  the  pipe  //  which  was  always  full  afler  th< 
Jr  k. ,  .':i.|  ihrrvby  cause  conucn^^ation  more  quickly  to  ensue. 
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n,  tj,  were  alio  conlriveUhy  Captain  Snvary,  in 

I   or  the  water  in  ibo  boilVf.     If  tlie  surface  of 

r  eivis  of  iW  cocks,  und  ihe  cocks  be  vpcned» 

oe  tii.ui  ilieru;  if  bqlow,  steam.     But  if  the  water  is  at  its 

iliat  is  to  iray,  if  the  surfkce  of  the  water  be  fn  the  ipter* 

between  the  ends  of  the  cocks  g  .lud  n  o,  water  will  issue 

rr,  and  steam  from  the  latter.    1  his  knowledge  w^is  tiece^- 

i  :  for  sljould  the  surface  of  tiie  wattr  exceed  ihe  height 

e  will  not  be  roorn  for  a  sufiicienc^  of  steam  to  reniuia 

— .,ucd  operation. 


The  Application  of  thk  engiue  was  confined  to  the  mising 
of  natrr  to  small  heights,  as  it  operated  only  by  atmosplieric 
prt*ss«Tire ',  in  deep  nnt>c3  it  was  found  not  to  be  effective.  Tak- 
ing into  consideration,  hoMcver,  the  then  imperfect  state  of 
irn  *  '  ,  so  far  as  regarded  steam  as  a  first  mover,  the 
hv  entitled  to  no  inconsiderable  degree  of  praise  for 

t).  ten  of  his   ingenuity.     Tlie  greatest  objection  to 

ih  i»,   the   great   waste  of  steam,  and   consequent 

til  ;/  expenditure  of  fnel,  arising  from  the  con<!onsa- 

ti<  1.  ^   effected  by   allowing  cold    water  to  come  into 

contact  Willi  the  steam  in  tlie  vessel  B» 

At  the  time  when  the  existence  of  this  engine  was  first 
nmde  known  to  the  public,  the  amazing  power  of  steani^ 
whtc!»  it  HO  plainly  dcinonsl rated,  began  very  deservedly  to 
obt^iin  the  attA-'iition  of  ingenious  men 5  and  disputes  for  the 
Itoriotjr  of  the  tlisLovcry  took  placet  the  English  ascribing  it 
to  the  ^fnrfjuis  uf  Worcester,  the  French  to  raphi, 

^  entering  into  the  minutiae  of  this  contest^  it  will 

bi  t  for  u6  to  trace  progressively  the  grand  improve- 

Wt  have   taken  place  in   the  steam-engine  in  this 

coi«i*M  >  .    .hough  not  forgetting  to   mention  the   accessary 
tmproremcnts  derived  from  foreign  aid.     Of  this  latter  is  the 
y  mlve,  mi  instrument,  though  in  itself  simple,  of  such 
itiipcvrtiince,  that  to  it  may   be  attributed  the  general 
sequent  improvementjofthe  steam-engine 
-ng  state  of  perfection.     It  was  contrived 
II,  who,  at  the  time  of  Captain  Savarj^'s  invention, 
:^'    experiments  on  the  power  of  steam   at  liigh 
ures,  for  the  purpose  of  dissolving  bodies.     It  con- 
■  *y  of  an  aperture  of  a  specific  dimension,  suppose, 
i  one  htpiare  inch,  in  or  commutjicating  with  any 
'  *    fitted  in  that  aperture,  nuch 

I  to  any  extent  considered 
iurcc   uf    the   steam   until   it   has 
nf  |>owpr,  con^ pitted  to  be  what  the 
r  the  chance  of 
ue  of  the  it  can* 


nrcci»*u;ry    Ut 
:ict]«irrd  a  cert 
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witliin  has  exerted  itself  so  far  as  to  raiise  audi  \vriir!tt,  thej 
ffiternal  pressure  per  square  inch,  t^jnditJt;  to  hurst  H. 
doc^  not  exceed  the  animmt  of  Buch  weight,  so  that, 
pficans^  an   estiniute  of  the  chances  of  such  an  occurrcntvj 
iiikmg  place  can  e.isily  he  made. 

The  contrivance  by  Ur,  Papin,  of  placing  a  piece  of  wc 
to  float  upon  the  surface  of  the  water,  though  an  improK-l 
nient  in  this  st:ige  of  the  enjc^ne,  U  now  of  no  importatice: 
but  It  is  not  improbable,  that  tliis  tirht  yuggeslfcd  tl*. 
a  dose  fitted  plstua  workujg  iii  u  cylinder,  which  coi 
the  most   valuable  part   in   tlie  next  step  of  advauceti 
This  was  effected  by  an  ironmonger  or  tsnuth  of  the  nai 
Newcouien,  and  a  glazier  of  the  name  of  Cauly,  residing  -A 
Dartmouth,  in  Devonshire,  who  were  contented  to  shore  tl 
profits  of  the  invention  with  Savarv,  and   jointly  with  himl 
obtained  a  patent  for  it  in  the  year  1705. 

This  engine,  generally  called  Newcomen*s  engine,  wag  tbi 
first  that  had  a  piston  fitted  to  work  in  a  cylinder,  whid 
together  with  the  beam,  gave   to  the  construction  of 
machine  a  new  character. 

An  enc^tiG  upon  ihis  constfuclion  is  represtmied  in  fig.  1*  ■      ' 
a  iKJtler  placed  upon  n  fuinaco;  B,  a  cylinder,  bored  true, 

piston  €  fitted  to  work  easily  tiierein ;  g^  a  cock  in  the  pipe  i ,,  .. 

Inunication  from  ihe  boiler  to  the  k«wer  part  of  the  cyiindu  ;  S,  a 
vrIvc  loaded  hy  the  weight  at  the  extremity  of  the  kvorr  t,  pressing 
|[ip  upright  pin  of  the  valve  ai  «  ;  d  </»  a  pipe  leading  from  Uie  cylt 
to  the  Tt'scrvoir  i,  with  the  cock  e  for  opening  and  closing  the 
JT/,  another  pipe  leading  also  from  the  cylinder  to  the  reservoir  A,  __ 
valtre  at  tlie  lower  extremity^  opening  outwards,  for  the  purpose  of  aili 
any   accumulation   of  condensed   water  in    the   cylinder   to  run  off/ 
thtxnigh  which  the  air  mny  he  ejected  by  llie  steam  when  filling  Jl ;  LL 
Lt  l)cam,  supported  upon  the  wall  K  K,  and  capable  ofvihr   ' 
[centre  U;  o  IS  the  rod  of  the  piston*  Jiistened  to  thecurted  < 

'  Itf«iii;  TO  m  the  cod  of  the  pump,  fixed  to  the  be.i.i.  ...  ^  , 

the  piston  rod;  the  pump  is  placed  iu  the  well  or  pit  r,  wil 
II  \^  0  0  han&;ing    upon    the    pump    rods   sufficient    to  countAri 

bulance  the  piston  and  rod  on  the  other  end  of  the  beam,  and  keep  it 
It©  the  fop  of  th»  cylinder  ;  p  p  i&  ji  pipe  leMiug  from  the  pump  m  lb« 
I  to  5»5f'''  "  -'1cm  i. 

S«r  piston  c  to  be  ID  the  situailion  r*^  near  tha  top  of  i 

cvliiuitf,  AU'}  the  steam  in  the  boiler  to  Ije  ur^^td  by  fire  in  if     ' 
^ifir  cock  7  to  be  open,  the  cylinder  B  will  herome  Hlkd  > 
I  the  air  that  is  in  it  be  expelhd  by  the  pipe//^  and  through  i 
j-tt  Uie  end,  which,  from  the  noise  made  by  such  *»iipul5ion  is  caUi 
snifluig-clack.     If  the  cock  q  he  closed,  and  that  at  e  ojHJii^H, 
rush  from  the  resertoir  i  into  the  cylinder,  and  by  i^unin  . 
condensation  of  the  stenm  en  ate  n  vacuum,  so  that  the 
atrnosphcitr  will  operate  upon  and  force  down  the  piston 
|of  the  rylinder.  and  cause  the  oUmr  end  of  the  bfam  L  to  r 
ui  end  falls»  whtth  makes  one  stroke  of  the  p«m|^rr*ds,     i 
m  closed,  and  ij  opened,  stcaun  Will  force  agtiinu  ihn  bo((> 
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liiflf  fhc  pressuTC  Of  lUe  atmospliere  again  raise  it  to  its  orlginul 
:  and  q  beinji:  again  closed,  and  *  opened,  U»c  pcfforinauce  of  » 
..on  will  he  cffectied. 
1  -i'ic  sought  in  the  construction  of  ihii  sort  of  eni^ne  wai 

flbtainffi^  n  itTiely,  tliat  of  not  beiu^  required  to  use  steam  of  gre^iler 
nmattn  tha^n  the  atmosphere^  ^hich  was  the  cu^e  iu  S^vary's  engine,  when 
tht  height  \Uv  waief  was  lo  bt*  raised  by  tl»o  pijM?  //,  fig.  169,  fxceedud 
tlian  about  32  feet.  In  Newcomen'a  en^me,  the  weight  o  o  baJuncea 
tShe  pistoae,  and  the  exertion  of  the  steam  h  never  rcc|[uired  to  be  more  thiiu 
abotil  14  pounds  to  the  supeiiicial  inch;  whilst  the  introduction  of  the 
beam  aiJbrds  a  movement  applicable  to  tlie  vrorkint;  of  pumps,  by  which 
w»ter  CAR  be  raided  to  any  r^quitt-d  heiglil. 

Tb^  cockt  1^  and  ^  were  opened  by  the  hand  of  an  attendant  until  a  boy 
o#tfi>  f  Potter,  who  was  intrusted  with  the  management  of  I  hero, 

lo  s.  •  the  labour  and  attention  which  they  required,  ingeniously 

1  :i(tach  a  piece  of  string  to  the  levers  of  the  cocks,  and  lo  the 
L  L,  in  such  a  manner,  as  to  procure  by  its  movement  their  being 
i  &ml  Hhut  at  the  proper  periods.     It  was  this  guve  the  idea  for  the 
cmtracijoa  of  that  part  of  the  present  engine  calkd  haud-geer 

The  next  person  who  made  any  considerable  improvement 
in  the  steam-engine  was  Mr,  Henry  Bcighton,  of  NevvcaKtle, 
"tvho  bn^etited  the  part  called  the  plug-tree,  for  openiiig  and 
hhuttinif  the  valves,  which  we  shall  describe  in  a  iiiorti 
ruJvanced  part  of  the  work :  he  also  adopted  a  force-pump,  to 
Btipply  the  deficiency  of  water  in  the  boiler  caused  by  the 
expenditure  in  the  production  of  steam.  Tliis  engine,  called 
Brighton* $  fiTe-aigine^  was  much  used  for  nearly  half  a 
century ;  and  the  attention  of  engineers  was  directed  more 
tofinutu  the  economizing  of  fuel,  than  the  further  iinprove- 
Wtat  of  the  engine. 

At  length,  however,  it  began  to  be  perceived,  that  the 
Mtrimnent  of  a  rotatory  motion  would  open  an  extensive 
field  for  ilic  application  of  its  powers  to  various  mechanical 
i»jd,  accordingly,  we  find  tlie  attention  of  enginecrii 
y  engaged  in  endeavouring  to  effect  so  desirable 
ulch  was  eventually  accomplished  by  Mr.  Matthew 
.  of  Bristol,  who,  in  the  year  \*J7^t  obtained  a 
Mt'  '     ititjn  of  the  crank.     Though  this  i&  by 

mf  <ion  that  has    been  yet   applied,  as  is 

II  iii»  iiovv  almost  universal  atioptiuii,  it  was  for 
snpenieded  by  the  sun  and  planet  wheels  Iritro- 
iccd  by  Messrs.  Houlton  and  Watt. 

TWvttH  and  planet  wheels  are  rcnrcsented  in  fig.  171,     A  rep^cs♦Ill^  the 
'  oCihe  beam,  to  which  \t  uflixeo,  by  a  movable  centre  ai  F,  the  rod  B, 
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pnd  of  which  i^  immovahtjr  HxihI 

ip>n   tin?   Mxi»  of  the  Hy-wheel 

it      When  the  bcurn    *V  j'.iv«*< 

n  at  t*  l(»C',  and  *s  -*,  ••, 

aid  the  fly-wafcil  (o  wluJi 
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it  is  attached,  to  perform  that  portion  of  o  revolution  round  its  axis.  The 
wheel  C,  from  the  manner  in  which  it  is  suspended,  tends  always  to  press 
against  I)  in  its  downward  and  upward  motions.  When  C  is  in  the  position 
w  C^,  the  wheel  D,  from  the  velocity  it  has  acquired  by  its  connection  with 
the  fly-wheel,  causes  it  to  pass  under  the  centre  of  D,  and  the  beam  begin- 
iiing  immediately  lo  ascend,  operates  by  C  on  the  other  side  of  D,  giving  it 
another  portion  of  impulse  towards  a  continuous  motion  whilst  parsing 
from  C*  to  C,  and  when  it  arrives  at  C*  it  will  be  impelled  over  the  centre 
D  D  by  the  velocity  which  its  own  action  had  given  the  fly-wheel. 

The  cntink  and  fly-wheel  inT^nted  by  Mr.  Matthew  Washbrough  is  shown 
in  flg.  172.  A  and  B  represent  the  same  parts  as  in  fig.  171,  but  the  lower 
end  of  B  is,  in  tliis  case,  attached  to  the  crank  C  at  c^,  and  is  capable  of 
revolving  round  the  centre  £ ;  the  other  end  of  the  crank  is  attached  to  the 
fly-wlieel  D  D  D  D,  so  that  both  that  and  the  fly-wheel  are  capable  "of 
revoh-ing  roucd  the  centre  B.  When  the  beam  A  is  disprfessed,  it  com- 
municates motion  to  the  crank  and  fly-wheel  to  which  it  is  attached,  and 
when  it  arrives  at  H,  the  velocity  of  the  fly-wheel  causes  it  to  pas^  under 
the  centre  E,  and  the  beam  beginning  immediately  to  ascend,  again  com- 
municates motion  to  the  fly-wheel. 

The  length  of  the  connecting  rod  B  should  be  such  ti^at 
when  the  beam  A  is  in  an  horizontal  position,  the  crank  will 
likewise  be  the  satne ;  and  when  the  crank  is  in  the  position 
as  at  G,  its  length,  together  with  the  length  of  the  cranki 
such  as  to  permit  the  other  end  of  the  beam,  A^  to  descend 
until  the  piston  which  is  attached  to  it  is  at  the  bottom  of 
the  cylinder;  and  the  length  of  these  and  the  cylinder  8uch> 
that  when  the  crank  is  in  the  position  H,  the  pistotl  sh^  bfe 
at  the  top  of  the  cylinder.  This  method  not  only  aflFbrds  a 
rotative  motion,  but  determines  the  lengtli  of  the  stroke 
which  the  piston  may  be  required  to  perform,  to  an  exactness 
that  is  of  great  impoi-tance  ;  for  prior  to  its  introduction,  the 
forcible  striking  of  the  piston  against  the  top  and  bottom  of 
the  cylinder,  which  was  attended  with  injurious  effects,  wal 
an  occurrence  by  no  means  unfrequent,  and  which  the  sun 
and  planet  wheels  were  in  no  way  calculated  to  remedy. 

Mr.  Watt,  a  native  of  Glasgow,  having  his  attention  ac- 
cidentally directed  to  the  construction  of  the  steam-engine, 
iliscovered  that  water,  when  confined  in  a  close  vessel,  and 
heated  considerably  beyond  the  boiling  temperature,  would^ 
when  the  steam  was  permitted  to  escape,  cool  rapidly  down 
to  the  boiling  point,  wliich  suggested  an  idea,  that  the 
amount  of  steam  issuing  from  any  vessel  was  simply  in  pro- 
portion to  the  amount  of  heat  applied,  and  that  the  economiz- 
ing of  fuel  could  oiily  be  obtained  by  the  economizing  of 
steam.  Mr.Watt  also  noticed  the  great  change  which  took  pliice 
in  the  temperature  of  the  cylinder  when  the  cold  water  wad 
inji'cted  to  condense  the  steam ;  and  concluded,  that  as  the 
coldness  of  the  cylinder  would  remain  after  the  necessary  C9n-» 
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m  lia<J  been  tfiected,  a  wjayteful  cou<iivi>t;atiuo  uf  ihc 
y  intjToiiucfd  steam  muyt  take  pl;icc.  By  -ex^periwu^rt  4>c 
that  the  (juantity  of  steiuu  thus  wasted  was  no  let^s  tlian 
tliriiM?  the  contents  of  the  cylinder^  or  three  times  the  (jurni- 
tit.y  which  was  required  for  producing  the  effect  sought.  The 
modes  to  wlJch  he  had  recourse  to  remedy  thi^  defect  were 
tiret,  the  suhetitution  of  a  wooden  cylinder,  which,  upotj 
repcaited  trials,  he  was  compelled  to  uhandun,  on  aceouiit  uf 
Ihe  roughneas  produced  by  wet  and  the  changes  of  temper- 
alure ;  uecondly,  the  enclosing  of  the  cylinder  with  wood,  and 
filing  tfic  intermediate  space  with  powdered  charcoal ;  which 
afterwards  waa  euperseded  by  the  introduction  of  an  extra 
cylinder,  tliat  enclosed  the  working  cyhnder,  and  permitted 
iU-iim  to  flow  round  it,  which  uiaijitained  it  at  a  regular  tern- 
pcnuture.  The  outer  cylinder  is  termed  a  jacket,  and  is  now 
uKcd  with  ailvantage. 

In  the  year  17^*  Mr.  Watt  made  the  giand  improvement 
cif  cflTccting  the  (Condensation  in  a  separate  ves&el^  communi- 
cating only  by  a  pipe  to  the  cylinder,  termed  the  condenser, 

\  is  the  lower  part  of  the  cylinder ;  B  ihe  condenser ;  C  the 

it  pipe  of  communication  between  the  cylinder  and  condenser, 

^  opened  or  closed  by  tlic  cock  e  ;  and  DD  a  cUaunber  of  cold 

li  the  condenser   B    is  immersed.      Wheu  the  cock  e  is 

"^■'  '^'  *^y  its  elastic  force,  uisbe*  into  B>  wher«  it  is  condensed ; 

left  in  tiie  cylinder  allows  a  new  supply  of  steam  lo  be 

V  the  opening  of  the  cock  c,  also  passes  into  B,  and  i» 

'•niriv  The  condcnaiiiji;  of  the  steam  necessunjy  accumulates 

^'kitr   \n  i  acestlie  capacisy  of  tlie  condenser;  to  remedy  wliidj, 

All.  Walt   uiUoJuctJ  a  smiill  pump«  worked  by  the  enirine^  toiwitlidmw  the 

mf%  wjjftrr.  *i5  nUo  \\[f^  ftir,  winch  in  some  dej^ree  hin<fered  the  perfcctoess 

if  it  the  ttir-ji«m/i.     lie  also  found  it  expedient  to 

vater  to  run  from  the  chamber  DD,  by  means  of  a 

''  ,ly  accowlaii,'  to  the  lempcraluie  of  the 

of  the  condensation.     Tlie  cistern  in 

[<i6  iha  coht-wnter  cistern  t   it   is  con* 

;itor  from   a  pump   connected  witli    a 

,  irged    by  a  spout  into  a  dram      The 

111  ihe  ioiiiicii  icr   by  ilie  air-pump  is  delivered  hito 

I  tho  hot-7rnf.:r  cistern* 

174,  where  iheirdi&tributioii  is  such  as 

I   taking  into  view  their  confttructlnn  ia 

'htii    luint  iitid  relAtive  position  iis  of  no  import- 

ricd  a.s  the  different  builder*  think  fit,  or  a»  con- 

rrqtnre.     A  is  ihe  cyliodef; 

I'WHUr  cistern;  F  the  cold- 

' mi  pipe  from  the  boiler  ; 

« r ;  0(  J  the  hot-water 

in  ini  of  water  to  flow 

'4  water  frvnn  tho 

m\v  in  the  tM)ilcr 


fdc 
war 
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ittttae  pump  rods, fixed  to  the  beam  and  worked  by  Its  motion ;  ^  is  a 
«uclion  pipe;  and  mthe  foot-valve.  The  pipe  I  and  the  valve  V,  opening 
upwards,  are  for  the  purpose  of  permitting  the  steam  to  pass  through  to 
expel  the  atmosphere  from  the  condenser,  called  a  blow-valve,  and  then  by 
its  own  condensation  to  leave  a  vacuum  on  the  starting  of  the  engine. 

A  communication  is  made  from  the  condenser  by  a  pipe  to  the  upper  part 
of  a  tube  standing  in  a  basin  of  mercury.  The  amount  of  mercury  in  the 
tube  will  indicate  the  perfectness  of  the  vacuum  in  the  condenser,  by  ex* 
bibiting  the  height  at  which  it  is  supported  by  the  pressure  of  the  atmosphere. 
If  the  vacuum  is  perfect,  the  mercury  will  stand  from  28  to  31  inches. 

The  only  difference  between  the  working  of  this  engine  and 
those  abeady  described  is,  that  the  pipe  HH,  instead  of  being 
an  injection  pipe  for  the  admission  of  cold  water  to  the  cylin- 
der^ merely  leads  off  the  steam  to  the  condenser  B,  therefore, 
when  condensation  is  to  be  effected,  the  cock  h  is  opened  to 
admit  the  steam  from  the  cylinder  into  B,  there  to  become 
condensed,  whilst  the  continued  action  of  the  pump  C  msdn-p 
tains  a  vacuum  in  B,  by  drawing  off  the  condensed  water  and 
the  air.  The  cold-water  pump  F  keeps  up  an  abundant 
supply  in  the  cistern  £  £,  and  the  superplitB  is  discharged  at 
W  5  thus  maintaining  a  depression  of  temperature  sufficient 
Id  procure  condensation  in  B. 

Such  was  the  importance  of  this  alteration  in  the  mode  of 
construction,  that  one  half  the  quantity  of  fuel  consumed  by 
an  engine  of  the  former  construction  was  saved.  Still,  how- 
ever, the  engine  was  not  complete ;  the  piston  was  required  to 
have  water  kept  upon  its  upper  surface  to  keep  it  air-tight,  and 
as  this,  in  the  descent,  cooled  the  cylinder  considerably,  it 
was,  as  is  evident  from  what  has  been  already  stated,  when 
speaking  of  the  former  mode  of  i^ijecting  cold  water,  pro- 
ductive of  a  loss,  to  which  Mr.  Watt  turned  his  serious 
attention,  and  eventually  succeeded  in  remedying  the  evil. 

The  next  construction  of  the  engine  is  what  is  now  called 
the  single  acting  cntrine,  and  as  the  improvement  con- 
sisted merely  in  llic  cylinder,  a  diagram  of  that  will  be  sufficient 
to  make  it  clearly  understood.  Finding,  as  has  been  stated, 
the  disadvantages  atieiuling  the  open-ended  cylinder,  Mr. 
Watt  conceived  the  idea  of  closing  the  top  of  the  cylinder, 
and  of  causing  the  piston-rod  to  work  through  a  close  collar 
stuffed  with  hemp  and  grease ;  and  instead  of  making  use  of 
water  to  procure  the  piston  working  air-tight,  of  using  oil  or 
fat  as  a  substitute  ;  and  instead  of  causing  it  to  descend  by  the 
pressure  of  the  atmosphere,  of  employing  steam  of  an  ex- 
pansive force  equal  to  that  pressure. 

In  reference  to  fig.  175,  A  is  the  cylinder ;  B  the  piston ;  CC  the  stuffing- 
bux  filled  with  hemp  moistened  with  tuUow,  having  its  cap  screwed  firmly 
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hf  tmo  screws,  so  as  to  form  u  stemm-tight  joiot  round  the  piston-rod . 

istor^rod  being  tunied  inie  and  polished,  is  capable  of  workint;  up 
waA^omn  through  the  steam-tight  joint.  D  is  the  steam  pipe  leading  from 
$kt  boiler;  K  the  eduction  pipe  leading  to  the  condenser;  U  and  I  are  two 
vaKe  upon  the  rod  L,  which  passes  through  stuffing-boxes,  or  steani-licht 
jcMikts,  at  jit  a.  While  raising  and  lowering  the  rod  L,  tlie  valves  U  and  [ 
opGD  or  dcttc  their  respective  apertures  D  and  K.  ^  is  a  valve  which  affords, 
vnMA  <*pen,  a  communication  between  the  lop  and  bottom  of  the  cylinder 
AroQgli  the  pipe  P  £,  and  from  thence  through  O.  Its  spindle,  which  la 
hollow,  worG  in  a  steam-liglit  collar  at  N,  and  his  the  rod  L  passing 
throQgh  it,  likewise  steam-tight,  in  such  a  manner,  that  the  rod  L,  witli  its 
«alt<«,  may  be  moved  independent  of  the  valve  g^  or  the  valfe  g  independ- 
ent of  the  rod  L.  If  the  valves  are  placed  as  represented,  I  and  H  open, 
tod  g  shut,  and  the  steam  be  permitted  to  come  from  the  boiler  through  D, 
it  wal  nasa  through  11,  and  enter  the  top  of  the  cylinder  at  P,  depressing  the; 
^kttoa  B  by  its  elastic  force,  whilst  the  lower  part  of  the  cylinder  is  open 
Ifartmgh  O  and  K  to  the  condenser.  When  the  piston  is  depressed  lo  B>, 
the  rod  L  must  be  moved  downwards,  and  the  valves  II  and  I  closed,  and 
•he  »alv^  ff  openodt  tl>5it  tlie  steam,  by  its  elastic  force,  may  pass  through 
P  R  and  the  valve  g^  and  act  equally  upon  the  lower  as  well  as  the  up|>t:r 
fflrface  of  the  piston ;  the  piston,  therefore,  being  in  an  unbiassed  state,  as 
rtfTk^is  tl»e  prcftture,  will  again  be  raised  to  its  original  situation  by  the 
tMimterpaise  weights  acting  at  the  other  end  of  the  beam,  and  the  !;teum  will 
pan  from  above  to  below  the  piston.  When  it  lias  arrived  at  that  uluce, 
tKe  ralvcs  may  be  again  put  in  their  first  position,  as  lejiresenled  in  the 
drawcntr,  when  tliat  at  I,  oeing  open,  aflfords  a  communication  through  O  K 
Ibf  ^'  'i  now  occupies  the  cylinder  bt-low  the  pislou,  to  pass  to 

tilt  ■  fresh  steam  forces  through  D  upon  tlie  upper  surface 

of  tiir  L,i .  *.-.j  i.'ULJiiiiount  lo  tlie  pressure  of  the  atmospliere,  and  produces  an 
effvit  lotly  cqiul  lo  tfut  obtained  from  ao  atmospheric  engine. 

fn  the  enijine  just  described,  the  beam  was  dniwn  down  by 
ibe  pressure  of  the  ateani  upon  the  top  of  the  piston,  and 
Kthen  the  steam  had  passed  into  the  condenser,  was  raised  by 
cotxnterpoise  wciglits  placed  at  its  further  end  j  by  which  it 
is  inimife»t,  that  the  action  of  an  engine  of  this  construction 
miift  be  froniewhat  irregtibr,  for  whilst  the  piston  is  descend- 
ing the  steam  must  act  upon  it  to  an  amount  capable  of  raising 
the  counterpoise  weights,  and  of  likewise  doing  the  work  put 
U]K»ti  it ;  but  when  the  piston  is  risings  the  actual  fall  of  the 
ttji  I*  ueii^hts  ia  the  only  amount  of  power  which  the 

Pit;  ipplying,  anrl  from  which   13  to  be  deducted  the 

friction  and  weight  of  the  piston.  Such  engines,  therefore, 
H^en  a  continuous  and  equable  force  is  required,  are  not  so 
ms  as  those  where  the  rising  and  deprcijsing  of  the 
are  alike  performed  by  the  same  means  and  the  same 
extent  of  force.  This  desirable  end  was  jiccomplished  by 
Mr,  VVtitt  in  the  construction  of  the  double-acting  engine, 
which  we  shall  next  notice,  in  contradistinction  to  the  one 
that  last  claimed  oiu:  attention,  and  which  is  now  seldom  tiBf  il 
lor  any  other  purpose  than  that  of  pumping  water 


174  THE  OPERATIVE  MECHANIC 

The  doublfe-actiiig  engine  is  formed  iir  silch  a' itituini^r  tSias 
whilst  the  steam  is  pressing  on  one  side  of  the  pls^n,  tlie 
cylinder  on  the  other  side  is  always  open  to  the  condenser, 
so  that  a  vacuum  exists  on  the  opposite  side  to  that  on  whidi 
the  pressui'e-  is  ex:ertbd.  This  effect' is  produced  by  sevtinl 
modes  of  difetributiiig  various  pipes,  or  valvefe,  or  cbcks;  Tlie 
simplest  in  its  construction  is  the  fbur>-way  cock. 

Fig.  176.  A  is  the  cylinder;  B  the  piston;  C  the  pipe  conimuniGating 
vitli  tlw  boiler;  /ma  communication  with  Hie  condenser;  I  K  and  H  j 
communicate  to  the  top  and  bottom  of  the  cylinfder ;  C'  and  D  are  two  dS- 
ferent  passages  througn  the  phig  of  a  cock,  (the  pluij  of  the  cock  is  shaded 
for  distmction,)  capable  of  being  turned  by  means  of  its  handle  m'.  Wh«i 
the  cock  is  as  now  represented,  the  steam  from  C  passes  through  D  along 
H  and  g  to  beneath  the  piston,  whilst  there  will  be  a  dirpct  comniunicatioa 
with  the  condenser  from  above  the  piston  through  K  IC'F  M.  When  the 
cock  is  turned  in  the  position  as  represented  in  hg.  177,  both  tliese  com- 
munications will  be  inverted  by  the  different  dispositions  of  their  openingi. 
The  opening  e  in  the  plug  will  then  afford  a  communication  from  the  steam 
pipe  C  to  I,  leading  to  the  upper  part  of  the  cylinder;  and  the  opening D 
will  permit  a  communication  from  H,  leading  from  the  lower  part  of  the 
cylinder  to  M,  the  eduction  pipe,  leading  to  the  condenser;  thus  perfecting 
by  its  motion  the  different  changes  of  communication,  so  that  the  steam  is 
always  made  to  act  on  the  one  side  of  the  piston,  whilst  the  vacuum  is 
effected  on  the  other.  The  effect  on  the  piston  in  ascending  or  descending 
is  equal,  and  the  power  is  much  more  regular  and  convenient  for  applicatioii 
to  rotative  motion. 

In  the  single  and  the  double  engine  the  pressure  of  the 
atmosphere  is  not  used ;  but  the  direct  force  of  the  steam 
which,  in  the  old  engines,  went  to  expel  the  atmosphere,  and 
then  by  its  own  condensation  to  leave  a  vacuum,  is  first  re- 
sorted to,  and  its  condensation  leaves  a  vacuum  to  assist  the 
action  of  the  next  supply.  Consequently  the  single-acting 
engine  has  not  gained  more  power  than  the  atmospheric 
engine  in  proportion  to  the  steam  used,  otherwise  than  by 
what  is  saved  through  keeping  the  cylinder  warm ;  and  the 
double-acting  engine  is  only  a  mode  of  using  the  steam  in  a 
more  continuous  and  unbroken  manner,  taking  just  twice  the 
quantity  of  steam,  and  exerting  twice  the  power  of  the  single- 
acting  engine. 

Other  modes  for  attaining  this  change  of  communica^od, 
so  as  to  produce  the  double  action,  are  adopted  as  circum- 
stances may  demand.  The  one  last  described,  called  the 
four-^vay  cock,  was  found  not  to  answer  in  large  engines^  in- 
asmuch as  plugs  of  sufficient  dimensions  to  afford  steam- 
way  enough  caused  so  much  friction  in  their  collars,  that  it 
was  an  expenditure  of  considerable  power  to  turn  them  ;  the 
method^  therefore,  most  usually  adopted  in  engines  of  large 


AND    MArillNIST.  j/il 

dimensions  is,  a  system  of  valves^  opened   and  shut  at  Mit; 
proper  periods  by  levers. 

The  iiitfrrnal  arrangement  of  such  a  system  is  shown  at  tiu.  173,  wliereC 
ii  a  pipe  le-.iilin;;  Iroui  Uu'  boiler  for  tht*  conveyance  of  steam  ;  ni!il  1)  K  u 
pipt  leaflintr  to  L  the  condenser;  op,  m  »,  are  two  hi>x,^s,  each  ilivickd  in- 
ternally into  three  compnrtmcnU',  in  whicli  arc  tl»e  vnlvcs  I'fff  h,  ciiHtil.U; 
ufopeniuj?  up^va^ds.  >'rom  the  centre  compartment  in  each'  of  the  hoxc:'- 
abore  and  below  there  is  a  coninuuiicutionf  at  a  and  6,  Avitli  the  top  amJ 
bottom  of  the  cylinder.  Tlie  steam  is  convoyed  alon;j:  llie  ^npe  C  into  t!ie 
■ppcr  chambt.r  of  the  upper  box,  and  by  moans  of  the  pij)e  i  pusses  tlirough 
it  and  proceeds  to  tlie  upper  chamber  of  the  lower  box,  and  the  pipe  K  I) 
afinrds  a  communication  from  each  of  the  lower  chamber*  to  the  con- 
dtD%r  L. 

If  the  valve  h  be  opened,  there  will  be  a  communication  from  the  lower 
jculof  the  cylinder  tnrough  the  aperture  b  and  pipe  K  into  the  conden^l'^ 
L;  and  if,  at  the  same  instant,  the  valve  e  be  ops:ntd,  the  steam  will  bt  ad- 
iTiilled  throu;.'h  C  into  the  centre  chamber  of  fhe  upper  box,  and  thron-h 
Ji'f  ipennrp  a  into  tiio  upper  part  of  the  cylinder  ;  coo'ietjuently  the  su;am 
will  I*  admitted  to  the  upper  part  ot  the  cylinder  while  tlie  lower  j)art  \\.\^ 
nfmnnnication  with  the  conden  ^L■r,  and  the  pii^lon  he  forced  downwanis. 
If  these  ^-alves  Ik*  clo.icd,  aud  t!ie  valves  g  f  opene<l,  tlic  siiain  will  liiiv*- 
access  through  C  »»  the  valve  g^  and  aperture  ft,  to  the  lower  part  of  the 
cfUnder,  whilst  ihcie  will  be  a  communication  from  the  top  «)f  the  cylinder 
Ibroucrii  the  aperture  n,  the  valve  /,  and  ihe  pipe  K  D,  to  tin:  condcn.-er,  so 
'.'jjltlie  piston  will  then  be  fi^rced  upw;irds. 

This  mode  of  cfteclin:;  the  changes  of  comniuiiicatioii, 
tiioiii^h  hy  "o  menus  so  hiiiiple  as  that  of  the  four- way 
ciickj  hivA  an  advant!i<;e  over  it  that  _i;ivcs  it  a  decided 
preference.  For  as  llie  movements  of  tlie  valves  are  inde- 
jiciidcnt  of  each  oilier,  the  shnttiiu^  olV  of  the  steam,  and  of 
the  communication  wit!t  the  eontlenser,  can,  if  desired,  he 
effected  at  difTerent  periods,  so  thai  tlie  steam  may  he  aUowed 
to  act  upon  the  piston  only  dtiriiii^  one  half  of  the  stroke, 
vhich  was  discovered  by  Mr.  Watt  to  elTcct  a  savini;^  in 
Hteani.  Ik'sides  tliis  advantaive,  which  can,  if  recjuired,  be 
effecteii  in  otlier  entwines  by  >imple  contrivances,  tlic  valve 
gecr  is  siiperior  from  its  lightness,  when  compared  to 
hlides  or  cocks,  ad-'pted  to  lap;e  euLancs. 

In  small  enj^ines,  these  advantaf^ei!,  not  ])eini[^  of  so  much 
importance^  are  more  than  c(*un»erl)alanced  by  the  simplicity 
obtained  by  other  modes. 

Thefintl  that  wesludl  notice  was  invented  by  IMr.  Mnrniv, of  Leetl;.  and 
i^Kpre&enttid  in  fi;;.  179,  when- a  section  of  this  ;inp':r.iln!,  i«  nwed  the 
slide  valve,  is  shown.  A  is  the  steam  pipe  from  tne  boihrr;  Mil  Hit  a 
ek»e  chamber,  in  which  the  interior  oliarnl>er,  (.'•(',  is  ciipa^'lH  (»f  slidini; 
vpwaids  and  downwards  by  means  of  a  rod«  l)L),  whieh  piissis  tiiroui^h  u 
steam-tight  box  at  K.  G  G  is  a  pass:iu'e  from  the  ch.tniber  13  I>  li  1»  to  the 
«Up«r  (Alt  of  the  cylinder ;  H  H  to  the  lower  i»art  of  the  cylinder :  and  I  I 
V>  ilie  joodensnr.  Now  when  tlie  chamber  C  C'  is  placed  as  is  represented, 
it  u  plain,  that  the  steam  has  access  to  the  top  of  the  cylinder,  and  that  a 
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Gommunication  exists  by  H  II  and  1 1  to  the  condenser.  B^  motingCC^ 
u{: wards,  the  communication  would  be  reversed,  that  is,  GG  nom  the  top  oC 
the  cylinder  would  communicate  by  1 1  to  the  condenser,  and  U  Hadnit 
steam  into  the  lower  part  of  the  cylinder.  By  the  movement  of  CC  u^ 
wards  and  downwards,  the  alternating  effect  is  produced. 

Messrs.  Boulton  and  Watt  introduced  another  very  neat  and 
useful  mode  of  distributing  the  steam  in  small  engines,  deno- 
minated D  valves^  on  account  of  the  shape  they  present  wbea 
seen  in  atop  view. 

Fig.  180.  A  B  and  C  D  represent  the  two  D  valves  capable  of  monii| 
ujpwards  and  downwards  by  means  of  the  spindle  £.  Their  faces  at  A  tni 
C  are  made  to  fit  steam-tight  upon  the  inside  of  the  box,  and  the  back  pirt 
at  B  and  D,  as  shown  at  D',  is  semicircular,  to  admit  of  its  being  packed  wilk 
hemp  in  the  same  manner  as  the  piston.  G  and  li  are  communications  U> 
the  top  and  bottom  of  the  cylinder;  I  is  the  steam  way  in  the  boiler,  whid^ 
in  some  engines,  comes  from  the  jacket  of  the  cylinder ;  and  K  is  the  eduo* 
tion  pipe,  which  carries  the  steam  to  the  condenser. 

Now  if  the  rod  £  be  moved  upwards  until  the  lower  surface  of  A  B  is  above 
the  aperture  II,  the  lower  surface  of  C  D  will  be  above  the  aperture  G, 
consequently  the  steam  from  I  will  pass  into  the  cylinder  at  11,  anothe  steim 
from  the  cylinder  will  pass  through  G  and  N  K  into  the  condenser.  Again, 
if  the  upper  surface,  A  B,  be  below  H,  C  D  will  be  below  G,  and  the  stean 
wiir  pass  through  the  aperture  O,  down  a  pipe  behind  M  K,  through  P, 
and,  by  means  of  G,  will  have  access  to  the  bottom  of  the  cylinder,  whilst  a 
communication  will  be  cfl'ectcd  by  M  K  and  through  H,  from  the  top  of  the 
cylinder  with  the  condenser.  The  rod  E  passes  through  steam^tij^ht  joints, 
at  top  and  bottom,  into  boxes. 

Fig.  181  represents  another  manner  of  forming  valves  upon  this -principle, 
in  which  a  flat  surface  is  introduced  at  the  back,  and  the  packing  is  effected 
by  having  the  faces,  backs,  and  sides  of  the  valves  made  of  brass,  and 
fitted  to  plates  of  the  same  material,  which  can  be  screwed  against  the 
valves  as  they  wear.  The  slides  or  moving  parts  are  shadowed.  The  po- 
sition in  which  they  now  are  will  admit  the  steam  to  pass  from  I  through 
H,  and  t!ic  condensation  to  be  effected  by  passing  from  G  through  N  to  K; 
but  if  t!ie  slides  be  moved  downwards  until  the  aperture  C  is  opposite  G, 
the  upper  slide  will  be  btlow  II,  and  the  stcum  will  pass  through  P  into 
the  cylinder  by  means  of  G,  and  exhaustion  will  take  place  from  li  tliiough 
IVI  to  K. 

Fig.  1 82  is  a  combination  of  what  are  called  concentric  valves.  Their 
distribution  is  exactly  similar  to  those  already  explained.  The  spindles  CC 
of  the  lower  valves,  in  both  the  top  and  bottom  boxes,  pass  through  the 
spindles  of  the  upper  valves,  which  are  pip^s.  This  mode  of  constructing 
the  valves  was  invented  by  Mr.  Murray.  They  are  capable  of  being  movM 
in  many  ways ;  but  the  one  most  jrenerally  adopted  is  represented  in  the 
figure,  where  the  rods  d  e,  attached  to  the  cross-levers  that  move  on  the 
centres  G  G  G  G,  act  upon  the  valves.  Thus  the  rod  e,  by  moving  down- 
wards, will  raise  the  solid  or  the  lower  spindle  valve  of  the  lower  box,  wbidi 
opens  to  the  condenser,  and  the  hollow  spindle  the  upper  valve  of  the  upper 
box,  which  admits  steam  to  the  top  of  the  cylinder,  while  the  rod  tf  acts 
upon  the  other  two,  and  changes  the  course  of  the  steam  and  exhaustion,  as 
before  shown. 

Conceiving  that  we  have  sufficiently  explained  the  sereral 
modes  of  guiding  the  immediate  power  of  steam^  we  shall  in 
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the  next  place  proceed  to  examine  into  the  construcHoii  of 
the  piston. 

Aaectiofi  of  ih€  pi&toa  most  commonly  used  in  condensing  engines  is  ex* 
liibtled  in  fie.  183.  The  lower  face  of  ibe  piston  is  rtxed  lo  tl\€  rod  i/rf,  and 
tiie  Upper  lice  is  c^tpabk  of  being  ruii^ed  up  uixDn  the  rod  d.  Hemp 
WiMspod  with  tallru,  culled  packiuR,  is  iDlroduced  round  ihe  inlerslice  at 
CE,  irhich,  v*hen  the  upper  plate  D  D  is  screwed  down  by  the  screw  al 
EE,  is  forcrd  outwards  against  the  sides  of  the  cylinder,  so  as  to  render  it 
perfcctJy  steam-tight.  As  it  wears  by  tlie  friction  a^siinst  the  cylinder 
•one  must  be  force*!  out  by  tii^htening  the  screws;  and  when  entirely  worn, 
ihcjilit**  lid  ii.Lisi  til-  raiaedand  the  piston  fresh  packed. 

V  '  f  the  piston  answers  perfectly  for  condensing  engines  ; 

Ml  _  '   engines  the  hemp  is  destroyed  so  rapidly  by  tlie  heal 

ttd  fhcUou,  UiMt  pisiooji  formed  entirely  of  metal  have  been  introduced  with 
idnniage. 

The  top  view  of  one  kind  of  metallic  piston  is  represented  al  fig.  184- 

A  A  A  A  is  a  nng  of  brass  divided  into  four  equal  disconuecled  porlions, 

iotiog  upon  the  plate  B  B,  which  is  affixed  to  the  piston-rod  d  rf,  as  seen  in 

fig.  183  ;  the  portions  of  the  ring  are  forced  outwards  against  the  aides  of 

iJif^iTr^j.-ir  f.y  spHogs  of  Bny  convenicnt  form  pressing  from  the  piston-rod 

0.  185,  represents  a  side  view  of   a  similar   ring,  similarly 

^'^  >rtions  are  placed  upon  the  ring  last  dcscribtd,  so  that   the 

.|>on  the  centres  of  the  other  four  pieces,  and   are   forced 

s  of  tlie  cyUnder  in  like  manner  by  springs,  and  the  plate  C  C 

u  pUi.«fd  ovtT  the  whole.    The  upper  and  lower  sides  of  the  plate  and  rings 

all  carefully  ground,  so   as  to  fit   steam-tight.     Tliis   form   of  piston, 

it  has^  in  some  cases,  been  used  for  a  considerable  time  with  advan- 

►,  up»5ii  the  whole,  defective,  as  the  rings  near  the  interstices  between 

*^    must  open  and  allow  the  steam  to  gain  access  to  the  interior 

wber-  '^  lie,  and  from  thence^  through  similar  interstices,  lo  the 

B^dbrr  ^.-.^,    -   ..i-  piston. 

A  metaUic  piston  of  a  better  construction  is  shown  at  fig.  186,  consisting; 
"^ibl  pieoct  of  brass  of  the  forms  represented  in  the  figure,  by  A  BC  D  E  F. 
BC  &nr  circular,  and  are  made  to  fit  the  inside  of  the  cylinder, 
It  whtcb  they  are  forced  by  l)ie  wedge  pieces  D  E  F,  which  have 
WftmfM  behind  them.  When  ABC  wear  so  as  to  divide  al  the  angles^  tht* 
DMCM  protrude  themselves  against  the  cylinder,  keeping  the  space 
■Iwiyt  fiUrd.  These  pistons  have,  in  some  cases,  b^a  used  for  many  years 
Uttoot  requiring  alteration. 

Having  now  duly  considered  the  construction  of  the  cylin- 
der, iir  iieat  of  motion,  and  the  meuna  of  distributing  the 
oprratire  power  so  as  to  produce  a  reverting  rectilinear 
action^  ire  shall  next  proceed  to  exhibit  the  manner  in  \diicli 
tliii  action  U  transferred,  so  as  to  maintain  its  continuance. 

Th»  movement  of  a  four-way  cock  may  he  accomplished  by  a  plug-tree^ 
wludi  »  a  pripendicular  rod  attached  to  the  beam  of  the  engine  as  repre* 
ma/bi:'.  197-    0  P  are  two  studs  or  pins  placed  at  such  a   distance 

fiotn  r,   that   the  upper  one,  O,  shall  force  the  handle  N  to  the 

iitkju.....  ^M    1  ,  just  as  the  piston  shall  have  reached  the  lower  part  of  ihg 
cfUnde,  and  the  pin  P  is  so  placed  that  it  shall  carry  the  handle  to  iti 
ifouattou  at  the  time  wheQ  ihe  piston  b  again  to  change  iu  difM- 
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Uoii.    Bot  the  ulug-irec  is  now  seldom  used  in  engines  tlitii  \tvni  m 

motion;  and  wnere  there  ia  no  rotative  '      i      i 

ftngie  action,  and  arc  applied  only  to  ti 

llie  power  is  only  required  to  be  exerted  yruii^i  n^t:  ^'ir^i^-'n  i^  vii.e<.^t4%liiigp.| 

In  eugines  for  ttirning  miIl-work>  where  a  rotatory  in< 
exists,  the  action  is  given  to  the  Bpindle  ralveg,  sBc 
Talves,  or  whatever  apparatus  is  used  for  the  Banie  object^ 
means  of  a  rod  working  from  the  axis  of  the  fly-wheel  by 
eccentric  motion. 

In  fig.  188,  the  small  circle  is  supposed  to  be  a  Sfdion  of  tht;  flj^ll 
abaft,  and  B  a  circular  piece  on  the  »hart»  round  which  the  clip*,  or 
circular  pieces,  CC,  are  fastened,  so  that  B  can  turn  on  tluir!,  tl 
wben  the  revolving  of  the  shaft  A  carries  13  to  the  situ  •e,\ 

circle  B'^  it  is  plain  that  it  will  have  forced  the  rod  in  ;tt 
Ima  the  distance  from  tJie  centre  of  A  to  B\  and  when  i  i 
ntTolution  it  shall  liave  brought  B  to  the  situation  B«,  it  v 
i  similar  distance  in  a  conlmry  direction,  consequently  ii.<   nu,,,  uik 
the  horiiontal  motion  thus  commuuicated  to  the  rod  DEE  willlw  tlte  i 
of  tlw^  f1lwf  i.wf  from  W  to  B^.     The  horiioutal  is  converitd  into  ^ 
die  11  by  the  crank  hg  i  raising  and  lowering  the  rod 

wli  tt'  bolt  or  D  valves  is  fixed. 

The  metliod  for  moving  the  rods  of  concentric  valves  is  rcpr c 
182*.  E  is  the  rod  from  the  eccentric  motion,  which,  by  tts  V 
forward  motion,  moves  the  ends //of  a  T  piece,  fastened  on  the 
and  cause*  thera  to  move  alternately  upwards   and  dowtiwards, 
and  shutting  cacli  pair  of  valves  as  1  '        '    ■ 

Fig,  190  repre-senrs  a  mode,  apyi  i*?incji,  of  moriagri 

D  valves  or  *lidt:s  from   an  ecceuUiL.     ry  >>  i     ^    -.-■-.  ;'  *      " — ^^-^ 
vibrating  upon  its  centre  H  ;  F  is  a  rod  from  the  ecr* 
C  upon  a  roller  over  the  surface  of  A  B.    The  latch 
t<no    pin^,  and  are  prevented  fuUins;  forwards  by  tti 
of  tht'  valves,  shown  at  t*,  is  atLiched  by  the  (ever  I'  i 
centre  II,  The  two  Mopsi^  I  and  G,  support  A  B  in  the  iwu  ponitir 
th«  rjne  in  ihe  vitw,  the  other  by  the  dotted  lines.     Wlicn  the-  rod 
it  carries  C  townrds  A  by  the  eccentric  motion,  and  C, .»' 
m»(.»  the  latch  D,  and  penuits  the  end  A  of  A  B  to  fell 
in  rising,  latches  itself  at  D*,  shown  in  the  doited  rt  (  i 
this  luoiion   H  P,  on  the  same  axis    H,  is  move  I 
^|th  Li  ii..  .,>,!   K  attached  to  the  slides;   and  the  i...  .,  i,   ..,  ^  . 
(?l.  nis  F,  actj  upon  the  other  latch  D\  and  places  Ui« 

Uu  i  i  osition. 


As  the  beam  of  all  engines  vibrfttes  npon   a  etrt} 
course:  ns  portions  of  a  circle  ^v 

tie» ;  a !  .^  rod  of  the  piston  is  rr  / 

down  in  a  straight  line,  it  cannot  be  attached  to  ti^c 
the  bcan^.     In  single  engines  of  the  old  construction, 
the  action  was  a  pull  at  both  enda  of  the  beam,  (at 
end  by  the  weight  of  the  pump-rod,  and  at  the  alher 
dowii  etroicc  of  the  piston,)  a  chain  was  affixed  to  ii*c  uj 


radi  of  the  cnrred  ends  of  the  beam,  niul  to  the  piunp 

in  rods,  as  represented  ht  fig,  I7O,  which  answered 

required  purpose }  but  in  double-acting  engiucB,  where 

pi«trm-rod  forccrt  upwmrdu  as  well  aa  pulls,  »ome  other 

•ode  of  convertinir  the  artion  is  required.     The  most  perfect 

|K  Introduced  ia  the  parallel  motion^  the  principle  of  which 

Uy  be  comprehended  by  referring  to  fig.  191. 

SoppoM  A  B  to  represent  one  end  of  a  beam,  Tibrating  on  its  centre  at 
4,  tor  other  end  B  will  perform  the  arc  C  C,  and  caTiy  whatever  is 
iltithrd  to  *l  in  the  directiun  of  that  ai-c;  then  suppose  another  rod,  G  H, 
lf«({ial  length  to  A  B»  vibrating  on  its  cetitre  G,  the  point  in  the  connecl- 
9|  pwKT^  L  H,  will,  ljy  Uie  vibrations  of  A  B  and  U  G,  move  upwards  and 
4<FWTrirartii  in  a  perpendicular  line.  For  so  much  ax  llie  curve  from  the 
Ij  draws  it  tovrards  A,  50  much  vri)l  the  curve  of  the  radius  H  O 
"awards  n,  and  ihp  movemcnti,  correcting  each  other,  will  caui»e  1 

rs  very  well  in  small  engines^  is  repre- 

»«.Mj  u  ti.'     -».     1 1»  >uii^  |,r[< « ti  ji^    *    ^  T-  the  end  of  the  h —   ^ a 

me  of  rollers  one  ort  each  side,  vt  ,n  each  side  of  1 

(an  i»  t>  I)  r>,   ^Tu]  nrry  the  pibi^..,    --,  .^iiLii  at  C,  in  a  yau^.  ..^.^J.^i 

fisr 

All    sieatji-eiigihcd   are    proportioned   to  go  at  a   settled 

hAtj  and  U)  make  vl  certain  number  of  Btrokes  of  the  piston 

\fft  Btiiiute,  which,  reckotiing  the  number  of  feet  the  piston* 

■Inrclf  in   its  tipward  and  downward  motion  in  the  cylinder, 

bu  l>ecn  by  general  agreement  settled  at  200  to  220  feet 

kprr      -  •   . 

■      )  I  this  regularity  of  action ^  it  19  manifest  that  a 

^^Hti  ^:       .  .;ust  be  obtained  in  the  amoimt  of  power  that  is  to 
H|Hd  .'       ilk-  movement ;  or,  in  other  words,  a  regular  amount 
"ft  ehu^iic  force  must  be  exerted  at  each  stroke  of  the  piston. 
This  11  «f>mewhat  difficidt  to  accontpUsh,  and  depends  much 
opTHi  keeping  the  fire,  which  generates  the  steam,  of  a  uni* 
"  rm  heat  ;  consequently  the  care  of  the  fire  should  only  be 
kl/usted  to  one  who  is  well  skilled  in  hi«  business,    'rherc 
however,  contrivances,  called  governors,  which  greatly 
in  maintaining  a  regular  action,  and  w^here  very  great 
is  not  required,  they  produce  it  to  a  sufficient  extent. 
TTJc  covcruor  (which  we  have  already  described  under  the 
On  the  Equalizatinn  nf  Motio)!,**  in  Mill-gcering) 
apon  the  princqile  of  centrifugal  force,  and  is  apphcable 
Oi^to  en^Cft  that  have  a  rotative  mntion. 

Tlie  mude  of  applying  the  govunior  is  by  connecting  it  by 

mcaTif  of  levera  to  a  throttle  valve,  shown  in  fig.  11>3,     A  B 

^.,^   ,  nts  a  section  of  the  pipe  that  conveys  the  steam  from 

jf,  having  a  small  circidar  fan  of  iron,  capable  of  bein^ 

n2 


turned   tta  as  to  be  parallel  with  the  line  tit  f' 
of  lying  across  it  in  such   a   manner  as  to 
munication. 

The  governor  is  placed  at  any  convenient  part  of  the  rndnei 
upon  au  upright  spindle,  and  is  driven  eitiier  by  a  If 
bevil-wheels,  from  the  fly-wheel  shaft.     When  the  il , 
increases  or  decreases  in  velocity  it  transmits  the  same  to  th 
governor,  and  causes  the  balls  to  fly  from,  or  approach  nearcfj 
fjOt  each  other ;  and  the  lever   iifiixcd    to  the  coUar  id  \h& 
governor  turns    the    handle  C  of  the  tiirottk*  hicli 

regulates  the  supply  of  steam,  and  produces  rei;  .ntL 

111    single-acting  engines,   which   do  not   crL.iLc   roUth 
motion,  this  sort  of  governor  cannnot  be  applied,  nor  is  it( 
cidedly  adapted  to  the  sort  of  regulation  they  want ;  fur 
they  act  only  one  way,  and  the  steam  being  entirely  shut  off: 
the  end  of  every  stroke,  it  is  a  regulation  of  the  amount 
power  to  be  exerted  at  every  interval  which  is  sought,  rs 
than  a  continuous  equable  supply  of  steam* 

This  sort  is  most  wanted  in  engines  that  suppl 
water,  as  when  the  different  districts  are  being 
diversity  of  their  magnitude  and  situation  causc&  a  t;uii^Ml4f« 
able  variation  in  the  burden  tlirown  upon  the  engitic, 
engines  used  for  this  purpose  there  are  two  pieces  of  \f 
c^alicd  sprmg-beams,  placed  across  each  end  of  the  be;i 
which,  when  tlie  burden  is  lightened,  and  the  engine 
too  long  a  stroke,  strike,  as  they  descend,  the  upper  flwr 
the  engine-house  and  ring  a  bell,  to  warn  tlie  attendant  tlii 
ateam  must  be  shut  oS  earlier,  or  that  the  upper  tapit  of  Uu 
plug-tree  must  be  moved  downwards.     In  engines  of  recti 
construction,  the  spring-beams  are  made  to  strike  a 
which  either  shuts  oflFthe  steam  entirely,  or  opens  acocl 
admits  it  into  the  cylinder :  in  either  case  the  movement 
the  engine  ceases. 

The  regulation  of  the  plug-tree  tapit  is  obtained  by  Inli 
ducing  a  pipe  from  the  water  in  the  air-vessel  to  a  small  cjl 
der,  having  a  working  piston.     The  water  from  the  air- vet 
forces  against  the  under  side  of  the  piston  and  ratsc«  it  and  i 
rod,  and  by  that  motion  the  tapit  of  the  plug- tree  is  nuaed 
lowered  as  is  required.     This  mode,  from  error  in  couitruc- 
iion,  or  otlieruiae,  has  mostly  proved  inefficient  when 
burden  of  tlie  engine  is  liable  to  great  and  rapid  iluctu^ 
tions. 

Such  is  the  general  coi  a  of  engines  now  in  nsej 

but  there  are  manv  Ingeni  rivancea  in  bailers  \vh\ 

require  special  notice. 
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*ri|f.  194  rapresents  a  boiler  lilted  up  with  all  the  appendages  now 
nnenUly  a|^liecl,  and  set  in  a  furnace  of  a  proper  construction.  Pan  of 
nte  ftiroace  u  shown  in  a  sectional  view.  B  B  fi  B  the  boiler,  the  operation 
of  which  has  been  described,  C,  the  steam-gauge,  represented  at  large  in 
fif .  19*5.  Its  object  is  to  ascertain  the  pressure  acting  in  the  boiler.  It  is 
formed  of  a  bent  iron  tube,  at  one  end  A  communicating  with  tlie  boiler, 
and  at  the  other  end  B  open  to  the  atmosphere.  The  tube  i«  filled  up  to 
C  &nd  D  with  mercury^  and  has  a  thin  piece  of  slick,  E,  placed  in  the  leg 
B^  which  floatj  perpend iculaxlv  m  the  mercury  at  I>.  To  the  leg  B  it 
sppemded  a  flat  piece  of  brass^  divided  into  inches,  and  numbered  upwards, 
In  n>nn  a  scale.  The  stick  is  made  of  such  length  that  tlie  top  of  it  shall  be 
ctus  with  the  first  mark  on  the  scale. 

If  the  steara  in  the  boiler  presses  against  the  mercury  at 
C,  and  raises  the  surface,  D,  one  inch,  (which  will  he  indicated 
by  the  end  of  the  stick  rising  to  I  upon  the  scale,)  it  proves 
that  there  m  one  half  pound  pressing  per  square  inch  against 
the  inlenial  surface  of  the  boiler,  tending  to  burst  it;  for  if 
the  section  of  the  bore  of  the  pipe  waa  just  one  superficial 
iitcb  tlic  pressure  would  be  supporting  one  cubic  inch  of 


ncrcur)*, 


which   will 


be    found    to    weigh 
every   two  inches  rise. 


near  hjdf  a 
pound;  therefore  for  every  two  inches  rise,  one  pound 
pressure  may  be  reckoned,  and  as  condensbig  engines 
seldom  work  with  more  than  three  or  four  pounds  pressure 
upon  the  inch,  the  scale  need  not  be  longer  than  eight  or 
Dine  iuchcti. 

O  IS  •  9(nNig  irun  ittAle,  covering  a  circtdar  or  oval  hole  of  about  1 8 
liMBiiM  diameter,  to  aaratt  a  man  into  the  boiler  with  a  view  to  clean  or 
it, 
D  »•  thr  »ieti(n  pipe,  containing  the  throttle  valve  E,  to  which  the  rod 


k 


ffom  th*"  t;f«r<>rnoT  h  tonnctted.     1'  F  are  gauge  cocks,     1  I  iy  a  feed  pipe 
t  *    tier  and  reaches  very  near  to  the  bollom.     11 H  11  If 

I  the  fctd  pipe  ;  1 1  is  a  float,  formed  of  stone,  and 
■V  i.i  ..  iM    11  .iln.ivs  on  the  surfrice  of  the  water  in  tlic  Ikoiler. 
linp  and  falling  of  the  water  the  float  acts  upon  the  lever  K  K* 
tre  1*.  which  p;usses  ihrouch  a  stoam-iighl  joint  at  P,  and  as  the 
wiikftf  draws  down  the   end  K,  which  raises  K*,  and  the  valve  M 
Uiatjttrd  to  it.     By  this  comrivance  when  the  boiler  requires  a  fresh  supply 
ff^qil^  the  valve  M  opens  and  supplies  it  from  the  cistern  HUH  H. 
1W  feed  pip**    II     is  roftde  to  contain  a  column  of  water  erjual  to  the 
TL'  escorted  by  the  steam  in  tlie  boiler,,  which  we  have 
Id  not  exceed  the  supp.niuK  of  eight  inches  of  mercury. 
<*ciual  in  w  tight  to  about  13^  inches  of  water, 
feet  liigh  from  the  surface  of  the  water  when 

il.o  water  in  the  feed  pipe  should  stand  about 

-ure  is  six  inches  of  mercuiy^  or  three  pounds  to  the 

•  fiuins  likewise  an  iron  bucket  weight  O,  hung  by  a  chain 

.  rt  puUies,  P  P  ;  to  ihc  other  end  of  the  chain  is  attached 

fd  a  dnmper.     When  the  steam  in  the  boiler  is  urged  to 

,  il  forces  the  WiU^r  iii  the  feed  piiK*  upwards,  aad  EBistst 


1» 
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lb«  iron  biQckd  vrdght  O,  which  lowers  the  damper  into  the  fluf  of  llkti 
dumuey,  and  checks  the  force  of  the  fire. 

S  is  fl  s.ifpty  valve,  loaded  vfith  a  delenninate  weight,  uttd  of  »uch  « 
il  1  ore,  as  will  relieve  the  bi^iler  of  itei  pressure  diotdd 

li  temperature.     It  is  CDctosed  in  a<iji<^»  to  prevesui 
t  'icccss  lo  it,  as  some  cr  _--r  +  -  ^  -.  i.--    i        ^j 

t  1 V  eSj  u»  aav g  thcmsel  v  l 

li.v  Aiv..  .  ti  which  is  necessary,  ^..^  i  j    .i.u,.  ; 

ger«d  then  as  well  as  the  lives  of  oihew, 

A  ]>'\\M:  om  this  cftse  to  the  chimney,  to  cany  iti 

may  -  the  flue  of  the  chimney. 

TL  >  frequently  another  safety  valve,  which  is  open  to  tli0 

of  the  tiigiii^  tender,  to  indicate  when  the  fire  is  too  hig:h, 

XT  is  a  floe  fonned  of  sheet  iron,  and  pa.ssinGr  len^tris^  thrnocH 
centre  of  the  boiler  so  near  to  the  bottom  that  iti?    ' 

The  flame  and  smoke  from  the  fire  at  n  n  |<  > 
and  then  immediately  returns  back  throu^^h  t]u>  miv.  i,i< 
passes  through  flues  which  lead  it  on  both  sides  the  boiler  • 

V  is  a  cock  for  the  purpose  of  emptying  the  bnilpr  «iu  ; 
cleaned  ot  repaired. 

Such  is  the  construction  and  geneml  arranj: 
parta  of  Messrs.  Botilton  anti  Watt*s  engirjos  bo* 
reciprocating.     We  shall  now  proceed  iu  the  examination 
some  other  forms  of  engines  which  likewise  condense 
steam. 

Mr.  Homblower,  conceiving  he  could  obtain  grealer 
from  the  complicated  force  of  steam  acting  in  twt>  c)*i 
obtained  a  patent,  in  17^31,  for  that  object.     His  own  a€< 
taken  from  the  specification,  we  here  transcribe. 

"First/*  says  Mr.  H.,  **  I  use  two  vesseb,  in  which 
lieam  is  to  act,  and  which  in  other  engines  are 
cylinders.  SecontUy,  1  employ  the  steam  ;3ler  it  h»» 
'In  the  first  vessel  to  operate  a  second  time  in  the  othi 
permitting  it  to  expand  itself,  which  I  do  by  cotmecting'thj 
veatiels  together^  and  forming  proper  cliannels  and  aperti 
whereby  the  steam  shall  occasionally  go  in  and  out  or  the 
Teasels.  Thirdly,  I  condense  the  eieam,  by  causing  it  to" 
pass  in  contact  with  metaUine  stirfaces,  wliile  water  is  appUod 
to  the  opposite  side.  Fourthly,  to  discharge  iJie  engiQC  of 
the  water  used  to  condense  the  steam,  I  suspend  a  colttmii 
of  water  in  a  tube  or  vessel  constructed  for  that  ptirpoflC^  cm 
the  principles  of  the  barouieteri  the  upper  end  having 
eommimication  witli  the  eteam  vessels,  and  the  lower 
being  inunersed  in  a  vessel  of  water.  Fifthly,  to  dii 
the  air  which  enters  tlie  steam  vessels  \^ith  the  cnn< 
water  or  otherwise,  1  introduce  it  into  a  separate 
^«^hence  it  is  protruded  by  the  admission  of  steam,  Sh 
Ihat  the  condensed  vapour  shall  not  rtmab  la  lite 


"  "*ilch  the  sUram  is   condctibid,  1   collect  Jt  into 
cl,  which  has  open  conimunication  with  the  steam 
:uia  the  water  in  the  mine,  reservoir,  or  river. 

'lioslly.  in  cases  where  the  iitraoaphere  is  to  be  employed 

H  act  OD  the  piston,  I  use  a  piston,  so  constructed  ns>  to 
jfaat  »l«nn  round  its  periphery,  and  in  cmitact  with  the 
of  the  steam  vessel,  thereby  to  prevent  the  external  air 
|»Mi«mg  in  between  the  piston  and  the  sides  of  tlie 


foUowing  is  a  description  of  lliis  cug^ne  by  the  i 
1P«,  wpreseol  Iwo  cylinders,  of  "which  A  in 


in  r-ich, 


'  Let  A  and 

I ;  a  pbton 

» ir  rods,  C  and  D,  moving  lujiiurn  t.ollnrs  at  R 

may  Im?  supplied  with  steam  from  llie  l>oi(er  by 

wbidi  ha^  <•  Hinrli  u^  connect  it  with  «)«»>  ^  >.i  ..f 

ire  pftrt  ii-  J  ;is  branching  i 

^vo  cocks,  V  I-  han(^Jes  and  ti  i  ^ 

>lug-l>eam   \V,     On  the  fore  side  of  the  cyiinders 

e  pye)  is  rcpresroted  another  communrcatinir  pipe, 

le,  or  rcctaiigiilar,  having  also  two  cocks,  a,  b, 

r   under  the  cock  6,  cstAblishes  a  communicktioc 

1  M-wer  parts  of  the  small  cylindt^r  B^  by  npetirn^  the 

-nihr  pip<?  on  the  other  side  of  the  cylinder  A,  imiue* 

e  and  u  are  open,  and  the  cocks  6  and  d  Jire  shul^  ihe 
litii  free  ud mission  into  the  itnper  part  of  the  small 
fiie^m  from  the  lower  part  otB  has  free  ftdmiwion 
of  the  irreaJ  cylinder  A  ;  hot  the  upper  part  of  each 
imicAtiou  with  its  lower  part. 

of  ^]\p  frrPHt  cylinder  proceeds  the  ednctiion  pipe  K, 

1  '  limierj  it  tin      "  ward, 

.  r  L,     Tlir  d  on 

N  n^d  (\  ir 

T,   .!,tr.  :,  1 

,  ,  ,*--.  ..<.^,..,.^  Uic  buUc;,  .J--...  ,  ....y 

■    under  the  coodenser  there  is  ■■•  ve  at 

i«r  wt  ,  I  pipe,  reaching  to  the  bend  of  ti  •  [   pipe 

"ni«  wVilc  oi  the  condensing  apparatus  i*  contsuned  in  a  cjstenu  R, 
"  ivuier;  a  small  pipe,  P,  comes  from  the  side  of  the  condenser,  ftitd 
the  bottom  of  the  t3Y}ug;lk  T,  and  la  tliere  covered  with  ft  valve, 
if  k«^<  ticht  by  the  water  that  is  always  funning  over  it. 

•  .  HyCausetheoutercnd  of  thebeara  to  preponderate, 
ion  of  the  beam  is  that  represented  in  the  fig^ire, 
t*  iTi^  ill  iti«r  loji  of  the  cylinder?. 
^  the  €t>clis  open^  and  steam  coming  in  copiously  from  il»e 
no  condensation  uoing  on  in  L,  the  steam  mu5t  drive  out  all 
Mkd  at  last  follow  it  through  the  valve  Q.    Now  shut  Ihe  cocks  A 
4sd  open  the   viilve  S  of  ihe  condenser;  the  condensation  will 
commence,  and  draw  off  the  steam  from  the  lower  part  of  the 
TKrrt  i?  nm^  no  prcsrrjrc  on  the  under  side  of  the  pj'non 
►gfts*  descends.     The  com n  t, 

r^  lindor,  B,  and  the  \.\\\  I 

~|pial  cj'at   :  !  ,,  tiio  vieajn  will  go  from  ihe  lowtr  j>,iri  ul 

ttOa  the  »pa<L-  :cni  of  the  pisjiton  of  A.    It  must,  iherefDne, 


watrr, 


■i  --I  - 
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^fgcpand,*  and  its  daiticity  must  dimiauih^  and  will  no  lonfsr  bdma 
of  the  steam  coming  from  the  boiler,  aod  prensing  sibove  tbir  fti 

*'This  pistOTi,  tbereforCj  if  not  wilWteld  by  the  beam,  woni 
^e  in  equilil^iu,  fi-om  having  steaut  of  equal  densit)f  abo>* 

it  it  cannot  descend  io  fast ;  for  the  cylinder  A  is  largtr  thoa  I5,  luui  tbt 

rb  of  tiie  beam,  at  whicli  tlie  greul  ptaton  is  suspended,  is  no  \0r\2n  ili«a 
ami  which  support*!,  tht*  piston  of  B;  therefore,  when  •:  f  B 

descended  as  far  as  the  Ijfam  will  permit  it,  the  steam  L  :  i«^ 

pislODt  occupies  a  larger  space  than  it  did  when  both  pisloiis  were  iX  M 
lop  of  their  cylinders,  and  its  density  diminishes  a3  its  bulk  iocr^atM.  t)li 
»leaiu  beneith  the  small  piston  h,  therefore,  not  a  balance  for  the  iieamm 
Uio  upper  side  of  the  name,  and  the  pislou  B  will  auct  to  depress  th«  bett 
Willi  all  l}»?  difference  of  these  pressures. 

**  The  ilighttsl  view  of  the  subject  must  show  the  reader,  thai  u  tht? 
descend^  t^i«  steam  that  b  between  ihem  will  grow  continually  nif«r  -im!  \'u' 
jClasLic^  aiid  that  both  pistons  will  draw  the  beam  downwards, 
now,  that  each  one  had  reached  the  bottom  of  its  cylinder,  shut  t 
and  the  eduction  valve  at  the  bottom  of  A,  and  open  tht 
The  communication  being  now  established  between  the  d[ 
part  of  each  cylinder,  their  pistons  will  be  pressed  equally  on 
and  lower  surfaces;  in  this  sttuatioa  m>thing»  therefore,  hindi^ri  th 
weight  from  raising  the  pistons  to  tlie  top, 

"  Suppose  them  arrived  at  the  top  :  the  c)'linder  D  is  at  this  time  fiDodj 
with  steam  of  the  ordinary  density,  and  the  cylinder  A  wtUi  an  e<     ' 
absolute  quantity  of  steam,  but  expanded  iuto  a  larger  space.    Shul 
cocks  b  and  d,  and  open  the  cock  a,  and  the  eduction  valve  at  the 
A,  the  condensation  wilt  again  operate,  and  cause  the  pistons  to  dc 
and  ihus  the  operation  may  be  repeated  as  long  as  steaji)  h  suppUe 
mce  full  of  Uie  cylinder  B  of  ordinary  steam^  is  expended  during 
rorking  stroke," 

The  cocks  of  this  engine  are  composed  of  two  flat  circular 
js,  ground  very  true  to  each  other,  and  one  of  them  ttims 
mnd  on  a  pin  throtigh  their  centres :  each  h  pierced  wiUi 
tiiree  sectorial  apertures,  exactly  corresponding  with  e«di 
other,  and  occup  jang  a  little  less  than  one  half  of  their  suHisures. 
By  turning  the  movable  plate  so  that  the  apertures  coincide, 
a  large  passage  is  opened  for  the  steam  ;  and  by  turning  it 
that  the  solid  part  of  the  one  covers  the  aperture  of 
pthcr,  the  cock  is  shut*  Such  regulators  are  now  vtrv  com-i 
mun  in  the  cast-iron  stoves  for  wanning  rooms.  Mr/ Hi 
blower *a  contrivance  for  making  the  collars  fur  the  pi 
rods  air-tight  is  thus :  the  collar  is  in  fact  two,  plaevtl  at 
imall  distance  from  each  other,  and  a  small  pipr  hj 

fbfT from  the  steam  P'p<^',  oontmunicateei  with  the  »p  k 

the  collars.     This   stoatn,  being  a  little    stronger  iUnn  tbi 
pressure  nf  the  aiinosspherc,  ertectiially  prevetjts  tlie  air 
i  urough  the  upper  collar;  *uid   thotigh  a 

^'      i:    -X       1  get  through  Ute  lower  collar  into  the  cylii 
A^  it  ciua  do  no  hami.    The  manner  of  midilug  this  Mttifilng^l 
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as  foDows :  on  the  top  of  the  cylinder  is  a  box  to 

something  aoft,  yet  pretty  close,   to  embrace   the 

m-rod  in  its  motion  up  and  down;  and  this  is  usually  a 

Hort  of  plaited  rope  of  white  yam,  nicely  laid  in,  and  rammed 

down  gently,  occupying  about  a  third  of  its  depth ;  upon  that 

IB  placed  a  sort  of  tripod,  having  a  flat  rin^  of  brass  for  its 

npper,  and  another  for  its  lower  part ;  and  these  rings  are  in 

breadth  equal  to  the  space  between  the  piston-rod  and  the 

side  of  the  box.    This  compound  ring  being  put  on  over  the 

end  of  the  piston-rod,  another  quantity  of  this  rope  is  to  be 

.      put  upon  it,  and  gently  rammed  as  before ;  then  there  is  a 

Knollow  space  left  between  these  two  packings,  and  tliat  space 

HiA  to  be  supplied  with  strong  steam  from  the  boiler.     Thus  is 

V*tiie  packing  about  the  piston-rod  kept  in  such  a  state  as  to 

K  jsrercnt  the  air  from  entering  the  cylinder  when  at  any  time 

Htikere  may  be  a  partial  vacuum  above  the  piston. 

^     Mr,  Homblower's  description  of  this  engine  was  followed 

by  a  mathematical  investigation  of  the  principles  of  its  action, 

by  tlie  ingenious  Professor  Robison,  which  demonstrates  that 

it  is  the  same  thing  in  effect  as  Mr*  Watt's  expansion  engine; 

but  though  this  is  true,  there  is  a  considerable  difFerence  iti 

the  steps  by  which  the   effect  is  attained,  which  gives  an 

impoflant  advantage  when  it  is  reduced  to  practice.     We 

absill  give  an  investigation  in  a  more  popular  form,  using  only 

common  arithmetic.      Mr*    Homblower  assumed,  that  the 

^|ioirer  or  pressure  of  steam  is  inversely  as  the  space  into 

^Krbich  the  steam  is  expanded ;  this  is  the  case  with  air,  and 

Vfor  the  present  we   will  grant  it  to  be  so  with  steam,  and 

■  reason  from  the  same  data  as  the  ingenious  inventor  gives  us. 

To  expliiin  clearly  what  passes  in   the  two  cylinders,  we 

mnat  deviate  from  the  precise  form  of  the  enc^ne,  and  divest 

oorfelif^s  of  one  couiplicatiou  of  ideas,  by  reducing  both  cylin- 

deiv  to  the  same  stroke  ;  therefore,  suppo^:e  the  engine  to  be 

made  like  fig.  197,  which  represents  the  two  cylinders  placed 

oneuixm  the  other,  the  lower  one  being  double  the  cupaeity  of 

tlie  upper  one,  and  both  pistons  being  attached  to  the  same 

rod,  wliich  may  be  applied  to  the  end  of  the  beam,  so  that  the 

daiccnt  of  the  pistons  must  draw  up  the  load  at  the  opjwsite 

H  end  of  the  beam. 

^J^Then,  if  we  suppose  the   small  piston  to  be  ten  inches  in 

^■Hpcter,    the    great   piston  must  be  14,14  inches;  and  to 

^HKd  aJI  difficulties  of  the  ratio  of  the  expansion,  and  the 

prc«»urc  of  steam,  we  will  suppose  the  engme  to  be  worked 

by  the  preKHurc  of  atmospheric  air  instead  of  steam  ;  and  for 

Ihfi  cuuveiiience  of  round  numbers  in  our  calculation  we  will 
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consider  the  presmire  at  only  ten  pounds  per  drcular  inch  on 
the  surface  of  the  piston. 

The  area  of  the  small  piston  will  be  100  circular  inches,   ^ 
and  being  assumed  to  move  without  friction,  the  pressure  upon 
it  will  be  10  X  100=  1000  pounds.    The  area  of  the  great 
piston  is  twice  as  much,  or  200  circular  hiches,  and  the 
pressure  2000  pounds. 

Suisse  both  pistons  to  be  at  the  top  of  their  respective 
cylinders ;  let  the  atmospheric  air  be  admitted  to  press  fredly 
upon  the  upper  surface  of  the  small  piston ;  and  suppose  the    . 
n>ace  between  the  two  pistons  filled  with  air  of  tne  same   | 
density,  while  there  is  a  perfect  vacuum  made  in  the  lower  put    ; 
of  the  great  cylinder,  beneath  its  piston. 

Under  these  circumstances,  the  two  pistons  will  begin  to    ' 
descend  with  something  less  than  2000  pounds  of  pressure  on    ^ 
the  great  piston,  by  the  air  contained  in  the  space  between  the    ; 
two  pistons  bearing  on  the  200  inches  of  surface  with  a  wdght 
of  iv  pounds  per  inch ;  and  beneath  this  piston  there  is  no- 
thing to  counteract  the  pressure.  At  the  same  time,  the  smaB 
piston,  having  air  oi  equal  d^isity  above  and  below  it,  is  In 
equilibrio. 

This  force  would  balance  a  load  of  2000  pounds ;  but  sap- 
pose  we  diminish  the  load  to  1900  pounds,  then  the  pistons 
will  unmediately  begin  to  descend ;  but  they  will  soon  Btopt, 
because  the  air  between  the  two  pistons  must  expand  itself,  to 
fill  the  increasmg  space  occasioned  by  the  equal  descent  of 
both  pistons  in  the  cylinders,  one  of  which  is  twice  the  area 
of  the  other ;  and  as  the  air  becomes  rarer,  its  pressure  on  the 
great  piston  must  diminish.  Now  as  this  same  diminution 
occasions  the  small  piston  to  have  a  power  of  descent,  we 
will  first  consider  the  pistons  separately,  and  then  conjointly, 
in  their  power  of  descent,  with  which  they  draw  down  the 
beam. 


v<ft« 
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imaUpiiton, 

tke  piston  it  ia 
equilibHo,    hfcTing    MM 


200 


and   1000  povnda  down- 


Atooe-foorth,  the  power 

willbe 

Bemtue  the  eqaiMbrinm 
does  not  continue,  mnd  at 
one-fourth  of  the  descent 
the  pressure  beneath  the 
■mall  piston  is  reduced  by 
the  expansion  of  the  air 
between  the  two  pistons 
to  four-fifths  of  1800  =  8M 
pounds,  while  the  pres- 
sure  above  the  piston  con- 
oes  to  be  1000.  The 
power  is,  therefore,  lOM 
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€!amiimed  powers  of 

both  pUtofu, 

Atfiiat    .    .    .2000 


At  ooe-firarU)  •  1800 


1333} 


333} 


{Mat  piston  as 
Ivo-Qiirds  of 

NOths  of  the 
Ibe  power  will 


1142^ 


of 

ejUxder,  and 
s  of  the  large 
tfeh  is  a  space 
M  and  three- 
the  original 
OM  the  spaces 
r  to  «,  and  the 
I  the  great  pis- 
-     of -iOOO 


ma  of  the  cy- 
powerwillbe  1000 
IIm  air  most 
wiMleof  the 
dear,  a  space 
rice  fbe  small 
MdiH  at  first 
win 
of 


At  one-half  of  the  de- 
scent, the  power  will 
have  increased  to  . 
Because    the    pressure 
beneath  is  diminished  by 
the  increased  rarity  of  the 
air  to  two-thirds  of  IOOO  =: 
e03^,  while  the  downward 
preitsure  continues  to  bv 
1000.    The  power  is  thcr&> 
fore  1000  -  flOEil  =  333}. 


At  three -fourths  of  the 
descent,    the    power 

will  be 428^ 

Because  the  pressure 
beneath  is  reduced  by  the 
rarity  of  the  air  to  four- 
sevenths  of  1000  :=  571'^; 
therefore  the  power  if 
IOOO-  571-^  =  4M^. 


At  the  bottom,  the  power 

will  be 500 

Because  the  air  beneath 
the  piston  is  reduced  to 
unc-haJf  of  its  pressure,  or 
500,  which,  deducted  from 
1000,  leaves  900. 


At  one-half     .  1666} 


At  Ihree-iburths  1571| 


At  the  bottom.  1500 


"■1 

f  the  great  >7076 

I  in  descent.  J 


ISum  of  the 
'     the  small  pisti 


powers  of  I        J 
)iston   .     J 


Sum     of    the  "1 

combined  >8538 
powers     J 
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Upon  the  action  of  this  en^ne  Dr.  Rees,  in  his  Cyclop»d% 
presents  us  with  the  following  remarks  and  comparatiTe 
statement  between  it  and  Mr.  Watt's  pruiciple  of  escpansion.  \ 

Now  let  us  consider  how  Mr.  Watt  s  principle  of^  expan-  « 
sion  would  operate  in  the  same  circumstance ;  that  is,  in  a  I 
cylinder  of  14,14  inches  diameter ;  which  is  to  be  suppBed  J 
with  air  of  10  pounds  pressure  per  circular  inch,  until  it  has  ^ 
completed  one-half  of  its  descent,  and  leaving  the  repiainder  ; 
of  the  descent  to  be  accomplished  by  the  expansion  of  tiur  ] 
air  already  contained  in  the  upper  half  of  the  cylinder*  < 

m 

*    Of 

At  the  beginning,  the  power  of  descent  will  be 2000 

At  one-fourth,  the  power  will  still  be 2000 

At  one-half,  the  power  will  be    : 2000 

At  three-fourths  of  the  descent,  the  power  will  be  diminished  to    .    1333} 

Because  the  air  must  occupy  one-fourth  of  the  length  of  the 
cylinder,  in  addition  to  that  half  of  the  cylinder  which  it  occupied 
biefore  the  expansion  began;  therefore  the  space  is  one  and  a  half 
times  the  former,  or  as  3  to  2,  and  the  pressure  will  be  two-thirds 
of  2000. 
At  the  bottom,  die  pressure  will  be looo 

Because  the  air  is  expanded  to  occupy  twice  the  space  it  filled 
before.  » 

83331 

The  sum  total  is  very  nearly  the  same  as  the  former,  but 
both  are  greater  than  they  should  be,  from  the  imperfect 
manner  in  which  we  have  been  obliged  to  make  our  calcula- 
tion, so  as  to  express  it  in  common  arithmetic,  without 
having  recourse  to  fluxions,  which  is  the  only  method  of 
treating  quantities  that  are  constantly  increasing  or  decreaaing 
by  any  given  law. 

The  source  of  the  inaccuracy  is  easily  explained  :  at  first 
we  set  with  the  pressure  at  2000  pounds  m  Mr,  Hornblower'a 
engine,  and  did  not  take  into  the  account  that  it  decreasea 
at  all,  until  the  piston  has  descended  to  one-fourth,  but 
reasoned  as  though  it  diminished  all  at  once  at  that  place; 
whereas  it  began  to  diminish  from  the  very  first  startiiig. 
Here  then  we  have  taken  a  small  quantity  too  much.  In  the 
same  manner,  our  process  takes  no  notice  of  the  diminution 
which  happens  between  one-fourth  and  one-half  of  the 
descent,  or  between  the  other  points  at  which  we  have 
chosen  to  examine  it  3  the  result  is,  as  if  the  diminution  tool^ 
place  suddenly  at  each  of  those  points.  The  remedy  for  this 
would  have  been  to  have  taken  the  account  at  a  greater 
number  of  places,  as  it  is  by  fluxions  alone  that  we  can  take 
an  infinite  number,  so  as  to  obtain  a  true  result.    Now  in  th? 


■r  the  trouble  to  read  Professor  Kobison's  investiga- 
kit  if  we  coiisiiler  the  difference  of  the  manner  in 
iie  whole  power  is  expended  during  the  stroke^  we 
e  great  reason  to  prefer  Mr.  Hornblower's  meUiod, 
*  much  j^reater  uniformity  of  the  action  5  it  begins  at 
od  ends  at  1500,  wJiilst  Mr.  Watt's  begins  at  2000, 
b  at  1000 ;  hence  the  necessity  of  those  ingenious 
nces  for  equalizing  the  action  in  Mr.  Watt's  patent  of 
Mr.   Horublower's  is  not  uniform,  but  approaches 
ity  more  nearly,  so  that  he  could  have  carried  the 
the  expansive  principle  much  farther,  in  employing 
'  steam,  than  we  believe  he  ever  proposed  to  do. 
lave  been  thus  full  upon  this   subject,  because  the 
more  power  by  the  expansion  of  air  or  steam  acting 
le  cylinders,  has  been  a  favourite  idea  with  many, 
"e  are  no  less  than  five  different  patents  for  it,  but 
of  these  have  been  upon  mistaken  notions;  neither 
tt's  nor  Mr.  Homblower's  can  have  any  advantage 
ittbg  off  the  air,  or  from  a  double  cvlinder,  when  air 
o  press  the  piston ;  nor  could  they  derive  any  advan- 
m  the  expansion  of  steam  in  their  engines,  if  the 
of  it  was  inversely  as  the  space  it  occupies, 
dvantage  of  the  expansive  principle  arises  wholly 
peculiar  property  of  steam,  by  which,  when  suffered 
id  itself  to  fill  a  greater  space,  it  decreases  in  pressure 
;  Ibrce  by  a  certain  law,  which  is  not  fuUy  laid  down; 
the  relation  between  its  expansive  force  and  the 
ludi  it  occupies  is  not  clearly  decided :  but  Mr. 
lai  found  that,  by  appl^g  these  properties  in  their 
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contained  in  eteam  of  any  given  claBtic  force.     All  irr  kni 
witli  certainty  la  what  is  stated  in  our  tabic  nf 
viz.  thut  water,  being  converted  into  stean^  and  ciniimtd 
a  close  vessel,  when  heated  until  the  thermometer  indi( 
u  certain  temperature,  will  have  a  certain  prc^ 
force.     But  here  we  must  observe,  that   t) it- 
indicates  (uily  the  intensity  of  the  heat,  without  aSui 
direct  mctfeure  of  its  quantity*     VVlien  steam  Is  gi 
expand  itself  into  any  given  space,  the  quantity  of 
water  which  will  be  found  to  be  contained  in  any  ffiyi 
of  steam,  in  its  expanded  state,  rauat  be  undoubtedly 
tioned  to  the  quantity  of  water  contained  in  the 
of  the  steam,  before  the  expansion  took  place,  in  Uje  in^ 
ratio  of  the  space  which  it  oriji^inally  occupied,  and  that 
which  it  fills  when  expanded ;  but  we  cannot  say  tJiat 
is  the  ease  with  heat ;  and  it  is  the  quantity  of  heat 
which  determines  the  elastic  force. 

We  believe  that,  in  practice,  Mr.  Hornblower  was  noC 
to  obtain  any  ^cater  effect  from  the  application  of 
expansive  action  in  two  cjlinders,  than  Mr.  Watt  <iid  in 
cylinder.  In  1791  — 2,  he  erected  an  entwine  in 
at  Tin-Croft  mine,  of  which  the  large  cyUndcr  was 
diameter,  ajid  worked  with  a  stroke  of  ( '  '  "  ? 
the  small  cylinder  21  inclies  diameter,  , 
feet  stroke.  The  only  account  we  have  been  nbh 
of  the  performance  of  this  engine,  is  from  a  parapl 
lished  by  Tliomas  Wilson,  an  agent  of  Messrfc!.  Bou 
Watt,  professedly  with  a  new  to  prevent  the  introdi 
Mr.  Hornblower's  engines  into  that  countr)%  in  whicb 
makes  it  appear,  that  it  raised  only  14,222,130  poutK 
water  one  foot  high  with  each  bushel  of  coals. 

In  Mr,  Hornblower's  oivn  account  of  his  r.    •        *    r^i 
gory's  Mechanics i   he   informs  us,   **  That  . 
erected  in  the  vicinity  of  Bath,  some  years  bince, 

§rinciple,   and  under  very^  disadvantageous  circui 
ie  engine  had  itis  cylinders  19  inches  and  24  inches 
meter,  with  lengths  of  stroke  in  each  suitable  lo  the  oc* 
via.  six  feet  and  eight  feet  respectively.     The  com 
appanitus  was  very  bad,  through  a  fear  of  infrlngei 
Mr.  Watt'»  patent,  and  the  greatest  degree  of  vacuui 
could  be  obtained,  was  no  more  than  27  incf-        r  - 
The  engine  worked  four  lifts  of  pumps  to  thi 
feet,  4500  pounds,  14  strokes  in 
a  cylinder  six  feet  K»ng,   and   i 
great  deal  of  inertia  aod  friction  in  the  rod&  and 


rods    t-.i„        :    ,   1  ^,,  ,.i   .^ 

«als  .Iff  sUied  Ki  be  light,  wb  1^  lU  uike  tbcm  nt  OTiTy 
^H-t  hnslicl,   inrir^d  ol'  88  pcninds,  as  Mr.  Smealon  did,  and 
»  pounds  : :  84  pounds  :  27>2l6,000pMund»«f 
'itli  a  bushel  of  coals^  >vhicU  is  a  very  good 
t  ;. !  than  Mr.  Wtiu'a, 

Ir.  HoriibloM'er  says  that  two  remarkable 
;s  presented  themselves  to  show  the  advantagps 
licatiou  of  the  principle  :  the  one  was,  that  the 
;rjdcd  the  engine  would  somethncs  detach  the 
tdcr  fram  the  beam,  and  work  only  with  the  lar^e 
then  the  boiler  would  Bcarccly  raise  steam  enough 
tlii  I.-  going;  but  no  sooner   was  the   suuiU 

ruii  d  to  tlie  beaiu,  than  the  engine  resumed 

activity^  aad  the  steam  would  blow  up  Uie 
ive. 
ticxt   circumatancc  is,  that  when  the  detent,   which 
exhauiiting  vjJve  shut,  happened  to  uii»s  its  aetion^ 
would  be  checked,  as  it  were,  not  being  pemiilted 
h  the  whole  of  the  returning  stroke;  and 
OS  by  an   intuitive  nature,    come   down  again  and 
ttil    tJie  detent  performed  its  office,   which   is  a 
•rgutnent  for  the  power  of  tlie  engine  at  the  ter- 
0tha  stroke, 
engines  have  been  constructed  upon  the  princi- 
utting  a  further  expansion  of  the  steam  in  a  second 
The  one,  however,  which  has  been  most  effectually 
conjparison.  is  that  which  goes  by  the   name  of 
_.-..,.,      An  account  of  which  we  transcribe,  toge- 
r  improvements  m  the  minor  parts,   which 


occu[nc3,  and  Btill  to  be  equal  to  the  pressure  cT  ^Ti 
sphere  :  that,  in  like  Biunuerj  sleaiu  of  the  force 
the  Square  inch,  can  expand  itself  to  five  times  iu  voU 
imd  that  masses  or  qiiantiticw  of  8team  of  the  like  ex| 
force  of  six,   lievcii,  eight,  nine,  or  ten  pounds  pressure  pcJ 
square  inch,  can  expand   to  six,  seven,  eight,  nine,  or  Uii 
times  their  volume,  and  still   be  respectively  equal   U> 
atmosphere,   or  capable  of   producing    a    sufficient  actioi 
against  the  piston  of  a  steam-engine,  to  cauge  the  same 
rise  iu  the  atraospherlc  engine  of  Newcomen  witlj  a  cuunlci 
poise,  or  to  be  carried  into  the  vacuous  part  of  the  cylindei 
of  the  improved  en^nne,  first  brought  into  effect  by  Mr.  VVjittJ 
that  this  ratio  is  progressive,  and  nearly,  if  not  entirely,  uni- 
form ;  so  that  steam  pressing  with  the  expansive  force  of  20|i 
30,  40,  or  50  pounds  the  square   inch   against   a   commoi 
safety-valve,  will  expand  itself  to  20,  30,  40,  or  50  times  it 
volume ;  and  that,  geaerallv,  as  to  all  the  intermediate  < 
higher  degrees  of  elastic   lorce,  the  number  of  times  whi< 
Bteam  of  any  temperature  atid  force  can  expand  itself,  is  ueaH] 
the  same  as  the  number  of  pounds  it  is  able  to  sustain  on 
square  inch  exposed  to  the  common  atmospheric  counter- 
pressure  j  provided  always,  that  tlje  space,  place,  or  veshel, ' 
which  it  is  allowed  to  expand  itself,  be  kept  at  the  same  tem- 
perature as  that  of  the  steam,  before  it  is  allowed  room^ 
expand. 

RcHpccting  the  different  degrees  of  temperature  rcqi 
to  bring  steam  to,  and  maintain  it  at,  different  expandi 
forces  above  the  weight  of  the  atmosphere,  Mr.  Wool/  stiites, 
that  he  has  fomid  by  actual  experiment,  setting  out  from  th< 
boiling  point  of  water,  or  212^  of  Fahrenheit,  at  which  degree^ 
fiteam  of  water  is  only  equal  to  the  pressure  of  the  atmo- 
I  sphere ;  that,  in  order  to  give  an  increased  clastic  force  equal 
fto  five  pounds  on  each  square  inch,  the  temperature  must  be 
lised  to  about  227  i'*,  when  it  will  have  acquired  a  fiower  to 
expand  itself  to  five  times  Its  volume,  and  still  be  equal  to 
ajtmosphere,  and  capable  of  being  applied  as  such  in  the  vrotk- 
lug  of  steam-engines  according  to  his  invention,  Vari^ 
other  pressures,  temperatures,  and  expansive  forces  of 
utc  sbowo  m  tbefoUowtng  table. 
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Xr«o(^  «   TnMe  of  the  relative  presMtrea  per  M^tutrf  imdk  | 

thr  tmtp^rnifrre  and  txpmisihilittf  of  steam  at  difihrtni 
degrees  of  heat  above  the  boiling  pomt  of  water,  begin^ 
mug  fciih  tiie  temperatifre  of  steam  of  an  eltt&tic  fmrce 
tquai  to  five  pounds  per  square  inck,  ami  cxtrptding  to 
ttcaffi  able  to  sustain  forty  pounds  on  the  square  inch. 


»vvn  at  an 
■iHtk  forte 

ymmre  o/f 

tit      AlJOO- 

tfktent  Ufion 


reiiaires  ta  be 
^ntaintiuJied  by 
^n.  teinjteratttr« 

equal  to  about 


227| 
230f 

2331 
'23H 

2374 
2391 
2501 
25S4 

267 
273 
278 
282 


and  At  ijtpsci 
respective  de- 
grees of  he»t,^ 
steam  can  ex« 
paad  itaeli  to 
about 


tujie«  lU  TO. 

llMllC.ttilliCOtI* 

tinur  c<]\in\  lu 
■elaulicUy  U> 
the  pressure 
of  iIm*  iitinLi- 
it|iliere. 


And  so  ill  like  manner,  by  small  additions  of  temperature, 
flu  expaiisive  power  may  be  given  to  steam  to  enable  it  to 
expand  to  hO,  60,  JO,  80,  90,  100,  200,  300,  or  more  time* 
its  volume^  without  any  limitation  but  what  is  imposed  by  llie 
fnmgiblc  nature  of  every  material  of  which  boilers  mid  other 
part6  of  fiteara-engiues  can  be  made.  Prudence  dictates  tJiat 
the  expansive  force  should  never  be  carried  to  the  utuiost 
which  the  materials  can  bear,  but  rather  be  kept  considerably 
wiliiJn  that  Umit. 

Hiiviog  thus  explained  the  nature  of  hie  diiscovery,  Mr* 
Woolf  proceeds  to  give  a  description  of  hia  improvcmenta 
grounded  thereon. 

If  the  engine  is  constructed  originally  with  the  intention  of 
adopting  these  improvements,  it  ought  to  have  two  Bteani 
cylinders  of  different  dimensions,  and  proportioned  to  each 
olh-  I  ding  to   the  temperature  or  the  expansive  force 

ilet  to  be  communicated  to  the  »team  made  use  of  in 

•ine  i  for  the  smaller  steam-vessel  or  cvlirith'r 


wo; 


ttni  for  the   larger.     For  example;  if  steam  uf 

forty  pounds  the  square  inch  is  fixed  on,  then  the  smaller 
cylimler  should  be  at  least  one-fortieth  part  the  contents  r»f 
the  larger  one.  Each  cylinder  should  be  furnished  with  a 
pi«ton,  and  the  smaller  cylinder  should  have  a  communica- 
tion, b<jth  at  its  top  and  bottom,  (top  and  bottom  being  here 
cmpbyed  merely  as  relative  terms,  for  the  cylinders  may  be 
Worked  in  a  horizontal,  or  any  other  required  position,  as  well  At 
vertical,)  with  the  boiler  which  supplici*  the  steam  j  and  the 
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communicatioDs,  by  means  of  cocks  or  mlves  of  any  construc- 
tion adapted  to  tile  use,  are  to  be  alteniately  opened  and  ahot 
during  the  working  of  the  engine.  The  top  of  the  small  cylin- 
der should  have  a  communication  with  the  bottom  of  the  larger 
cylinder,  and  the  bottom  of  tiie  smaller  one  with  the  top  of 
the  larger,  with  proper  means  to  open  and  shut  them.alter- 
nately  by  cocks,  valves,  or  any  other  well-known  contrivance. 
And  both  the  top  and  bottom  of  the  larger  cylinder  should, 
while  the  engine  is  at  work,,  communicate  alternately^  with  a 
condensing  vessel,  into  which  a  jet  of  water  b  admitted  to 
hasten  the  condensation ;  or  the  condensing  vessel  may  be 
cooled  by  any  other  means  calculated  to  produce  that  d^xlt. 

This  arrangement  being  Biade,  when  the  engine  is  set  to 
work,  steam  of  a  high  temperature  is  admitt^  from  the 
boiler  to  act  by  its  elastic  force  on  one  side  of  the  smaller 
piston^  while  the  steam  which  had  last  moved  it  has  a  com- 
munication with  the  larger  steam- vessel  or  cylinder,  where  it 
follows  the  larger  piston,  now  moving  towards  that  end  of  its 
cylinder  which  is  open  to  the  condensing  vessel.  Let  both 
pistons  end  their  stroke  at  one  time ;  and  let  us  now  suppose 
them  both  at  the  top  of  their  respective  cylinders,  ready  to 
descend ;  then  the  steam  of  forty  pounds  the  square  inch, 
entering  above  the  smaller  piston,  will  carry  it  downwards; 
while  the  steam  below  it,  instead  of  being  allowed  to  escape 
into  the  atmosphere,  or  applied  to  any  other  puxpose,  will 
pass  into  the  larger  cylinder  above  its  piston,  which  will 
make  its  downward  stroke  at  the  same  time  that  the  piston 
of  the  smaller  cylinder  is  doing  the  same  thing ;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larger  cylinder  in 
the  upward  stroke  of  the  engine  will  be  passing  into  the  con- 
denser, to  be  condensed  during  the  downward  stroke.  When 
the  pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cyUnders, 
then  the  steam  from  the  boiler  is  to  be  shut  off  from  the  top, 
and  admitted  to  the  bottom  of  the  smaller  cylinder.  Tne 
communicat;ion  between  the  bottom  of  the  smaller  and  the  top 
of  the  larger  cylinder  is  also  to  be  cut  off;  and  the  commnm- 
cation  is  to  be  opened  between  the  top  of  the  smaller  and  the 
bottom  of  the  larger  cylinder.  The  communication  between 
the  bottom  of  the  lai^r  cylinder  and  the  condenser  is  to  be 
cut  off,  and  the  steam  which,  in  the  downward  stroke  of  the 
engine,  filled  the  upper  part  of  the  larger  cylinder,  suffered 
to  flow  off  to  the  condenser.  The  engine  will  then  make  its 
upward  stroke  from  the  pressure  of  the  steam  in  the  top  of  the 
small  cylinder  acting  beneath  the  piston  of  the  great  cylinder. 


and  flo  on  dtentatety,  achnittln^  the  steam  to  the  differetit 
iUe^af  the  smaller  piston,  while  the  steam  last  admitted  into 
tfec  smaUer  cylinder  passes  alternately  to  the  different  sides 
of  the  larger  piston  in  the  larger  cylinders :  the  top  and  hot- 
of  which  are  at  the  same  time  made  to  communicate 
aHemately  with  the  condenser. 

In  an  engine  working  in  the  manner  just  described,  while 
the  steam  is  admitted  on  one  side  of  the  piston  into  the 
•iiuiller  cylinder^  the  steam  on  the  other  side  has  room  made 
tbr  ita  admission  into  the  larger  cylinder,  on  one  side  of  its 
pislon^  by  the  condensation  taking  place  on  the  other  side  of 
the  iMTge  piston  which  is  open  to  the  condenser ;  and  that 
wagte  of  steam  which  takes  place  in  engines  worked  only  by 
thit  expansive  force  of  steam,  from  steam  passing  the  piston, 
b  prevented ;  for  all  steam  that  passes  the  piston  in  the 
iBttller  cylinder  is  received  into  the  larger. 

In  Boch  an  engine,  where  it  may  be  more  convenient  for  any 
particular  purpose,  the  arrangement  may  be  altered,  and 
die  top  of  the  smaller  made  to  communicate  with  the  top  of 
die  mrgtT  cylinder;  in  which  case  the  only  dilTerence  ^rill  be, 
llltti  wlien  the  piston  in  the  smaller  cylinder  descends,  that 
in  the  h'.rger  ^nil  ascend,  and  vice  versa;  which,  on  some 
MeaMoi  be  more  convenient  than   to  have  the  two 

ptfltmiit  r         ,^  m  the  same  direction. 

Tlii«  engine  is  exactly  the  same  in  its  action  as  Mr,  Horn- 
blotrerV,  whicli  we  have  before  described.  The  noveltj^  con- 
mtnin  the  application  of  steam  of  a  high  pressure  thereto,  and 
la  proportioning  the  capacities  of  the  two  cylinders  to  the 
expansibility  of  die  steam,  according  to  his  table.  But  Mr* 
W,  gnt9  on  to  state,  that  effectual  means  must  be  used  to 
keep  ftp  tbc  requisite  temperature  in  all  parts  of  the  ap- 
atnrfeiis  into  which  the  steam  is  admitted,  and  in  which  it  is  not 
niUrDded  to  be  condensed  ;  and  here  it  may  be  proper  to  state, 
Aat  (jf  the  usual  means  of  accomplishing  this,  by  en- 

do*^  i  in  the  boiler,  or  in  a  steam-case  communicating 

whi  \cr,  a  separate  fire  may  with  advantage  be  made 

ioiirr  xnr  r<tram-ca8e  containing  the  cylinders,  wliich  in  that 
event  will  become  a  second  boiler,  and  must  be  furnished 
with  a  lUifrty-valve,  to  regulate  the  temperature.  By  means 
of  tlie  last-mcutioned  arrangement,  the  steam  fnjm  thes  mailer 
cyfinder,  or  steam  measurer,  may  be  admitted  into  the  larger 
eyfimler,  when  kept  at  a  higher  temperature  than  the  steam 
m  the  sniaJler  cylinder,  by  which  its  power  to  expand  itself 
onqr  be  ln<rrcased  ;  and,  on  the  contrary,  by  keeping  the 
hmer  crlinder  at  a  luwer  temperature  than  the  smaller,  ItM 
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expaosibility  will  be  IrsacDed,  whif  h,  on  particular  occwjoi 
an4  for  paruciilar  purpoveis  mn  ntblr.     I 

care  mufrt  he  uWn  thktthe  boil    .  c  in  wlii^  y 

ck*r  is  enclo*e<i,  tbc  steain-pipes,  and  gcncniUy  »tl  the 
ex|i«:».«^Cil  to  Uie  nctioa  of  Uie  cxpcuisi%'e  force  of  the  sUuim, 
b:iv<-  a  slrengtli  proportioned  to  the  high  pressure  to 
they  are  to  be  exposed. 

It  is  tint   udvi»i:iblc  that  the  proportioii  of  the  caparity  of ^ 

srnull^  T,  orstc.  irer,  to  the  en  f 

rger  or  y-  .  cylinder,  <  any  case  be  i 

the  pruportiou  of  the  expansion  of  the  steam  vvhidi  is  lubf' 
used  in  it,  as  we  have  stated,  yet,  in  the  making  of  it  Lirj^, 
considerable  latitude  may  be  allowed;    for  example,  with  I 
steam  of  forty  pounds  the  gquare  inch,  a  small  cylinder,  on  1 
meanurer,  of  one-twentieth,  or  even  larger,  iiistea*!   o(  one  df\ 
f.  'le  capacity  of  the  larger  or  workinL 

\  iu  of  any  ^ven  strength.    And  in  n. 

be   luivUable  that  this  should  be  the  case,    because  ol  tJi 
^lEculty  of    preventing  some  waste    of   steani,    or  pa 
condensation,    which    might    lessen    the    rate  of   woi 
if  not  allowed  for  in  the  size  of  the  small  cylinder  or 
measurer. 

In  all  cases  when  the  eng^ineis  ready  for  working,  trhali 
may  be  the  proportion  that  has  been  adopted,  or  intended 
jie  worked  with,  it  should  have  its  power  tried  by 
md  on  the  valve  that  ascertsdns  the  force  of  r 
irder  that  the  strength  of  steam  best  adupttd  f 

ly  be  ascertained,  for  it  may  turn  out  to  be  a;;  i_ 

that  the  steam  should  be  employed  in  particular  engines 
an  elastic  force  somewhat  over  or  under  Mrhai  was 
intended. 

Mr.  Woolf  also  states,  that  Mr.  Watt's  engmc*  m«y 
improved  by  the  application  of  hh  discovery  in  making 
boiler,  and  the  steam-case  in  which  the  working  cylimleris 
enclosed,  much  stronger  than  usual,  and  by  altering  the 
structiire  and  dimensiuns  of  the  valves  for  adinittin^  steam 
from  the  boiler  into  the  cylinder  in  such  a  mamier  tnal 
steam  may  be  adn\itted  very  gradually  by  a  prof^ 
enlargement  of  the  aperture,  so  as  at  first  to  wiredraw 
steam  and  afterwards  to  admit  it  more  freely.  Tlie  reason 
Ibis  precaution  is  this,  that  steam  of  such  elastic  force 
Mr   vVoolf  proposes  to  employ,  if  admitted  suddenly  into  \ 


cylmder,  woi 
danger  the  %ii 
allowed  for  admitting  steam  into  the  cylinder,  or  cy&nd 


ton  \v\th  a  force  as  w^oiUd  eo- 
t  y  of  the  cn^ne.    The  apcrtura 
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be  rpg:«la1o(l  by  the  following  consideration.     If  flic 

imottiaa  b  that  the  engine  should  work  wluilly,  or  ahiiomt 

wV  "  ilioTi,  the  Sileam^  in  passing  iiito  the  €)iin- 

f*";  i  to  wiredraw  itfe-f  If  only  so  much  that  tlie 

i'jay  pcrfurm  tlie  whole,  or  a  great  part  of  the  stroke, 

Imc  that  the  intendi-tl  quiuitity  of  steam  has  been  ad- 

.nto  the  cylinder.     For  example,  wlien  stc»am  of  forty 

on  the  square  liich  h  used,  such  a  quantity  of  it  must 

vcd  to  eoter  as  ehall  be  equal  to  one-fortieth  of  the 

apLity  of  the  cylinder,  and  so  in  proportion  when  gteam  of 

any  other  force  is  employed  ;  and  when  tlie  requisite  quantity 

htt  been  admitted,  the  steam  is  to  be  shut  off  till  the  proper 

aomctit  for  admitting  a  fresh  quantity.      But  if  it  h  intended 

Hat  ad^*antage  shall  also  be  taken  of  the  elastic  force  of  tlie 

iietin  acting  on  one  side  of  the  piston^  while  condenHatlon 

goes  on  on  the  other  side,  then  the  steam  must  be  admitted 

aore  6nrcly,  but  still  with  caution    at   first,   for  the  reason 

ibnuly  metitioned. 

Thi»  Litter  is  the  same  thing  as  Mr.  Watt's  expansion 
rSftue  ;  but  with  the  addition  of  gradually  dlminiisihlng  the 
aperture  uf  the  steam- valve  as  the  piston  descends,  instead  of 
Hdppbig  it  altogether  at  a  certain  portion  of  the  descent,  by 
vhidi  means  the  action  of  the  engine  is  rendered  more  uni- 
kftm,  Wc*  think  that,  by  regulating  the  descent  of  the  valve 
by  ao  accurate  movement,  a  very  good  effect  may  be  pro- 
diictd  in  this  manner,  without  the  complication  of  tw  o  cylin- 
dan  Of  other  parts  ;  the  only  objection  is,  that  if  at  any  time 
th*  '      Id  be  fully  opened  by  accident,  the  presssure 

mil  becumt!  so  great,  from  the  strong  bteam  act- 

in;:  t'  full  surface  of  the  pi&ton^  as  to  break  the  engine 

to  I 

I  Mr.  Woolf  took  out  a  second  patent  for  further 

im\  T»ts,  in  which  he  proposes,  as  before,  to  apply  fire  to 

tfc'  r  itHclf,  to  heat  the  steam    after  it  is  th^o^vn  into 

ihc  wiirfciMg  cylinder  ;  and  this  was  to  be  done  by  a  fire 
betng  placed  beneath  the  case  containing  the  cylinder:  the 
WOKCC  f  she  case  and  the  cylinder  was  to  be  filled  with 

oiki  wii..  ■    metul,   or  mercury.     He   also  proposes  a 

6irtliod  at  j^f  tlie  piissage  of  any  of  the  steam  from 

tlyit  wde  ♦'!  in  which  i»  acted   upon  by  the  steam,  to 

the  mf  which  is  open  to  the  condenser.     In  those 

jtrv"  .1^  wliich  act  as  double  engines,  he  effect*  this  by 

«ii  .  upon  or  about  the  piston,  a  column  of  mercury 

or  ruia  metal,  in  an  altitude  equal  to  the  prei>nure  of  fh«j 
irUriun.      The   efficacy   of   this  arnuigcroent   will>   he  says, 
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appear  obvious^  from  attending  to  what  takes  place  in  the 
working  such  a  piston.  When  the  piston  is  ascending, 
that  is,  when  the  steam  is  admitted  below  it,  the  space  on 
its  upper  side  being  open  to  the  condenser,  the  steam,  endea* 
vouring  to  pass  up  by  the  side  of  the  piston,  is  met^  and 
effectually  prevented  by  the  column  of  metal,  equal  or  su- 
perior to  it  in  pressure,  and  during  the  down  stroke,  no 
steam  can  possibly  pass  without  first  forcing  all  the  met^l 
through. 

In  working  what  is  called  a  single  engine,  a  less  consider- 
able altitude  of  metal  is  required,  because  the  steam  always 
acts  on  the  upper  side  of  the  piston ;  and  in  this  case,  oil,  or 
wax,  or  fat  of  animals,  or  smiilar  substances,  in  sufficient 
quantities,  will  answer  the  purpose.  But  care  must  be  taken, 
either  in  the  double  or  single  en^e,  when  working  with  this 
piston,  that  the  outlet  which  conveys  the  steam  to  the  con- 
denser shall  be  so  situated,  and  of  such  a  size,  that  the  steam 
may  pass  freely,  without  forcing  before  it,  or  carrying  with  it, 
any  of  the  metal  or  other  substance  employed  that  may  have 
passed  by  the  piston ;  and  at  the  same  time  providing  another 
exit  for  the  metal,  or  other  substance  collected  at  the  bot^m 
of  the  cylinder,  to  convey  the  same  into  a  reservoir  kept  at  a 
proper  heat,  whence  it  is  to  be  returned  to  the  upper  side  of 
the  piston  by  a  small  pump,  worked  by  the  engine,  or  by 
some  other  contrivance.  In  order  that  the  fluid  metal  used 
with  the  piston  may  not  be  oxydated,  some  oil  or  other  fluid 
substance  is  always  to  be  kept  on  its  surface,  to  prevent  its 
coming  in  contact  with  the  steam  ;  and  to  prevent  the  neces^ 
sity  of  employing  a  large  quantity  of  fluid  metal^  svlthough 
the  piston  must  be  as  thick  as  the  depth  of  the  column  re- 
quired, the  diameter  need  be  only  a  little  less  than  the  steam- 
vessel  or  working  cylinder,  excepting  where  the  packing^  or 
other  fitting,  is  necessary  to  be  applied ;  so  that,  in  ac^ 
the  column  of  fluid  metad  forms  only  ^  thin  body  round  tho 
piston. 

We  have  seen  an  engine  of  an  eight-horse  power  of  this 
kind  at  work,  with  a  fluid  metal  on  the  pistrins :  it  effectually 
prevented  the  leakage.  But  as  it  required  to  have  the  cylin'^ 
ders  twice  as  long  as  usual,  in  order  to  have  sufficient  room 
for  the  long  or  thick  pistons  which  it  required,  and  as  these 
pistons  must  be  of  considerable  weight,  the  method  is  not  at 
all  applicable  in  practice ;  and,  indeed,  the  increase  of  the  bulk 
of  the  moving  parts  is  such  as  to  counterbalance  the  advan-r 
ta^c,  which  is  confined  to  the  saving  of  steam  by  leakage ; 
fur  the  friction   must  bp  gref|lcr  than   in  another  ^fifpn^, 
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the  piston  tnuHt  be  packed  as  tight  oh  ustm1,to  be  nble 
ft  columD  of  fluid  metal,  which  must  be  more  than 
iDfroMWe  to  that  of  the  steam;  and  when  the  steam 
rsmMl  the  pi^oiij  the  pressure  of  the  fluid  metal  to  leak 
hff  tilt  fWHott  must  be  double  that  of  tlie  steam  :  also  the 
fridioD  of  BO  great  a  surface  of  fluid  metal  pressing  against 
Ike  iatide  of  tlie  c}'Under  is  very  great. 

In  1810,  Mr.  Woolf  had  a  third  patent,  the  object  of  which 
S«  to  prevent  the  waste  of  steam  from  leakage  by  the  piston. 
Foe  this  purpose,  be  does  not  allow  the  steam  to  come  to  tlie 
ptaloii  at  aU,  but  causes  it  to  act  in  a  diiferent  ve«f8c],  and 
inunjihs  the  action  thereof  to  the  piston  by  oil  or  fluid  metal : 
thus,  at  the  side  of  the  cylinder,  he  places  a  acpurate  vessel, 
GOCEUuuniculing  witli  the  lower  part  of  the  cylinder  by  a 
huge  pipe  or  passage  from  the  bottom  of  each  i  then 
steam t  being  admitted  into  this  vcsbcIj  will  prcHs  upon 
the  ainface  of  the  oil  or  fluid  metal  contained  in  it,  and 
iorce  the  same  lo  nas«  out  of  that  vessel  into  the  cylinder, 
where  it  will  act  Deneath  tlie  piston  to  press  the  same  up- 
s,  a  vacuum  being  at  the  same  time  made  in  the  upper 
of  the  cylinder  to  give  eflVet  to  the  pressure. 
The  steam  is  then  made  to  prcas  upon  the  upper  surface 
of  the  piston,  which  is  always  covered  with  a  quantity  of  the 
fluid  J  and  at  the  samt;  time  a  vacuum  i«  nuule  in  Ihc  »eparate 
Tessel,  so  as  to  relieve  the  surface  thereof  from  all  pressure ; 
u  coni»rquenee  the  piston  is  made  to  descend.  It  is  evident 
thai  tlie  plsUmmust  be  packed  so  tight  as  to  suffer  none  of  the 
ftutd  to  pass  by  it ;  but  this  is  easy,  in  comparison  with  the 
dUBcolty  of  making  a  packing  sufficiently  tight  to  resist  the 
fnmge  of  steam,  particularlv  when  it  Is  so  rare  as  the  ex* 
padded  steMXi  which  Mr,  Woolf  sometimes  uses  in  his 
eog^e.  The  separate  vessel  of  which  we  have  spoken,  is  in 
some  caiies  to  be  the  jacket  or  space  which  surrounds  the 
cy^ofler,  which  is  then  to  be  open  at  bottom. 

Tki»  contrivance  is  ingenious,  but  we  think  the  necessity 
of  an  additional  cylinder  is  an  objection  which  will  prevent 
its  Adoption  in  large  engines ;  and  for  smaU  engines  the 
ad^  are  not  sd  great. 

r  first  patent,  Mr.  Woolf  has  erected  several  small 

enghita,  which  performed  wcU,  and  with  an  e%ider»t economy 
of  fuel.  But  these  enguies  being  employed  to  turn  mills,  of 
which  Ujc  openitions  do  not  aflTord  so  exact  an  estimate  of  the 
|iower  as  the  operation  of  pumping  water,  Mr.  Woolf  a 
CQgiaes  did  nc»t  come  to  a  direct  and  indisputable  compariHoa 
vHb  those  on  Mr.  Watt's  priJidplc,  until  1815,  when  two 
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large  engines  were  set  to  work  in  Cornwall,  at  Wheal  Vor 
and  Wh^  Abraham  mines,  for  pumping  water ;  and  these 
have  since  been  regularly  reported  in  Messrs.  T.  and  J. 
Lean's  reports,  and  of  which  one  of  the  objects  was  to  ascer- 
t£dn  the  comparative  merit  of  the  double  and  single  cylinder 
engines, 

The  report  for  May,  1815,  states  the  average  performance  of  these  two 
engines  at  49,980,882  lbs.  lifted  one  foot  high  for  each  bushel  of  coals ;  and 
since  that  time  thevhave  done  more  than  50,000,000  lbs. 

The  engine  at  Wheal  Vor  has  a  great  cylinder  of  53  inches  diameter,  and 
nine-feet  stroke;  and  the  small  cylinder  is  about  one-fifth  of  the  contents 
of  the  great  one.  The  engine  works  six  pumps,  which,  at  every  stroke,  raise 
a  load  of  water  of  37,982  lbs.  weight  7^  raet  high,  which  is  the  length  of  the 
stroke  in  the  pumps.  This  makes  a  pressure  of  14,1  lbs.  per  square  inch  on 
the  surface  oi  the  great  piston,  and  it  makes  7,6  strokes  per  minute.  With 
respect  to  its  consumption  of  coals,  it  raised,  in  March,  1816, 48,432,702lb8. 
one  foot  high  with  each  bushel;  April,  181 6,  44,000,000  lbs. ;  May,  1816, 
49,500,000  lbs. ;  and  in  June,  1816, 43,000,000  lbs. 

From  the  same  reports  we  learn,  that  the  engine  at  Wheal  Abraham  mine 
has  a  great  cylinder  of  45  inches  diameter,  working  with  a  seven-feet  stroke, 
at  the  rate  of  8,4  strokes  per  minute  under  a  load  of  24,050  lbs.,  which  it 
raises  seven  feet  at  each  stroke.  Its  performance  during  the  above  four 
months  was  50,000,000  lbs. ;  50,908,000  lbs. ;  in  May,  56,917,312  lbs., 
which,  we  believe,  is  the  greatest  performance  ever  made  by  a  steam-engine  j 
pind  in  June,  51,500,000  lbs, 

We  must  observe,  that  the  variation  in  the  performance 
of  different  steam-engines,  which  are  constructed  upon  the 
same  principle,  and  working  under  the  same  advantages,  is 
the  same  as  would  be  found  in  the  produce  of  the  labour  of 
so  many  different  horses,  or  other  animals,  when  coinpared 
with  their  consumptive  food;  for  the  effects  of  different 
bsteam-engines  will  vary  as  much  from  small  differences 
in  the  proportions  of  their  parts,  as  the  strength  of  animals 
from  the  vigour  of  their  constitution ;  and,  again,  there  moII 
be  as  great  differences  in  the  performance  of  the  same 
engine,  when  in  bad  or  good  order,  from  all  the  parts 
being  tight  and  well  oiled,  so  as  to  move  with  little  friction, 
as  there  is  in  the  labour  of  an  animal,  from  his  being  in  good 
or  bad  health,  or  excessively  fatigued  ;  but  in  all  cases,  there 
will  be  a  maximum  which  cannot  be  exceeded,  and  an  average 
which  we  ought  always  expect  to  attain. 

Fig.  198  is  a  sketch  to  show  the  arrangement  of  the  valves  and  cylinders 
of  these  two  engines ;  A  is  the  large  cylinder,  and  B  the  little  cylinder,  each 
enclosed  in  its  steam-case.  The  steam  is  admitted  from  the  boiler  into  the 
steam-case  of  the  large  cylinder  A,  by  a  communication  at  C ;  and  there  is 
a  communication  between  this  steam-case  and  that  of  the  small  cylinder ; 
so  that  all  the  steam  for  the  supply  of  the  engine  passes  through  both  of  the 
stoam-cases,  which  therefore  become  part  of  (he  communication  between  »h«t 
boiler  and  the  little  cylinder,  into  which  the  steam  is  first  admitted,     Q 
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■V,  before  i 


fW)5iTt(' :  kt  h«5  H  rruulHtJiig  vsilve.     F  iv    i  ,/  it,|* 

l«r.  iIk  .iwiidle  of  iKe  «iie  v^lve  wmkio,;   n  -•<    the 

ill'  r  liiesii'am  from  the  ciue  into  tii  k 

!  valvea.     G  iii  ehe  valve  th*it  ujh  i  ,i- 

rreai  jl(*i  t>.>tiom  of  the  ?Tnnll  cylinder  B  and  the  ivy  of  iln   I   i-e 

A,  when  the  pistoti  ihereof  ih  to  be  pressed  clown,     II  m  thv  k»*lve 

m»  t*w?  steam  fmm  above  to  below  ibelar^ge  pUton^  when  iho  pi&ton 

■ttd.     AtuI  I  ii  the  exhiiusrion^valTe,  lo  cMry  oQ'  the  ^teatn  ig  (Ji« 

Wbeo  llw*  fngicc  makes  its  i3ovm-»troke,  the  upper  valve  at  F  is  opened, 

rflidaitU  ll»r-  ct.  .M,  f,..ni  the  case  l ---  "■  "•■■  '*-  -•••'*>  .-'-..  i»..  .  .f^c 

ric  lime,  V  ii> 

lulf^.ifr:  (htfiipptr  -:  I 

jfi  from  bciieutii  the  l*  lo  the  condenser. 

TV  F,  (J,  I,  oj>Hnat  the  V  it  of  time. 

%'bf^  inAlt  ptr.ti>it*  AJifive  at  the  bottom  of  then  ic^pcLUve  cylimlcrs,  these 
tllK^lvr«  J^ff  '■>«»tl  }4li*Y»»0»pr,  and  the  lower  stentn-vaJve  at  F  is  optned, 
HneORb  to  below  the  srual!  piston,  the  valve  H  doing 

fktmi&  'ind  both  pistons  return  in  eqriilibrio  by  the 

ttti*e»-*'  i;:   r  ■  u.ii  III.   u|ii..  r  valve  at  F  can  l»€  5hutolt'iit  any  part  of  tlie 
Boilt,  Mxordmg  to  tiie  load  of  the  engine. 

c  who  arc  conversant  with  steam-en g^iiics   will  j>cr- 

rotn  tKc  pjijising  of  the  ttteain,  as  above  ilcbcribed,  frutii 

'*t  tu  the  lower  bide  of  each  of  the  pistons  respectively, 

^lunn.K  at  Wheal  Vor,  and  at  Wheal  Abrahani,  are 

lit  j  iig  with  a  single  stroke.     Were  these  engines 

^Wkiij^:  fisMjiMC,  the  steaoi  would^  on  the  down-stroke,   be 

ifiadc  to  i>ii»ii,  the  same  as  before  described,   from  the  under 

aide  uf  the  sriiall  to  the  upper  side  of  the  large  piston,  steam 

hmn  thr  hoiler  in  the  mean  time  coming  in  upoQ  the  email 

[lis'  '  the  under  side  of  the  large  pii^ton  being  open  to 

the  -.crj  but  on  the   up-stroke,  the  aetion   would  be 

aSiertnl  fn>m  what  we  have  described,   for  the  «tettm  would 

p^.  fr....r,  the  top  of  the  small  cylinder  to  beneath  the  large 

pt^i  t'  steam  would  be  admitted  from  the  boiler  under 

tb.*  :»ton|U)e  top  of  the  large  cylinder  being  open  to 

I  •  r»  which  Mr.  Woolf  employs  in  his  engines  are 

cfili  Hu  those  of  uUier  engines  which  work  with  steam 

nf  a  M".  »  r<  !jre,  the  water  being  contained  in  timidl  cylin- 
dnc^i  !ii  *  -  *'i  cast-iron,  which  arc  filled  with  water,  and 
«]Epfj»cd  to  the  flame  nearly  in  an  hoi^zontal  position. 
I  Mr.  Woolf  hai*  a  patent  for  Una  boiler,  which  the  specifica- 
ittsdjum  Ui  ooiiMjft  of  two  or  more  cylindrical  vessels, 
'  ~  -  V  '  t  rher,  and  m  disposed,  ae  to  eontttitutc 
Ic  fur  the  water  intended  to  be  cun- 
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verted,  into  steam  of  a  temperature  and  under  a  pressure 
uncommonly  high,  and  also  to  present  an  extensive  portion 
of  convex  surfisice  to  the  current  of  flame  and  heated  air  from 
a  fire;  likewise  of  other  large  cylindrical  receptacles  placed 
above  the  former  cylinders,  and  properly  connected  with 
them,  for  the  purpose  of  containing  some  water  and  the 
steam. 

These  cylindrical  vessels  are  set  in  a  furnace  so  adapted  to 
them,  as  to  cause  the  greater  part  of  the  surface  of  each  of 
them,  or  as  much  of  the  surface  as  may  be  convenient,  to 
receive  the  direct  action  of  the  fire,  or  heated  air  or  flame. 

Figs.  199  and  200  represent  one  of  these  boilers  in  its  most  simple  form. 
It  consists  of  eight  tubes  marked  a,  made  of  casl-iroD,  or  any  other  fit 
metaly  which  are  each  connected  with  the  larger  cylinder  A,  placed  aboTe 
them,  as  is  shown  in  the  side  view,  %.  200,  in  which  the  same  letters  refer 
to  the  same  parts  as  in  fig.  199.  In  fig.  200  is  also  shown  the  manner  in 
which  the  fire  is  made  to  act.  The  fiiel  rests  on  the  grate-bars  at  B,  and 
the  flame  and  heated  air^  being  reverberated  from  the  part  above  the  two 
first  smaller  cylinders,  go  under  the  third,  over  the  fourth,  under  the  fifth, 
over  the  sixth,  under  the  seventh,  and  partly  over  and  partly  under  the 
eighth  small  cylindric  tube,  all  which  tubes  are  full  of  water.  The  direct 
tion  of  the  flame,  until  it  reaches  the  last-mentioned  tube,  is  shown  by  the 
dotted  curved  lines  and  arrows.  When  it  has  reached  that  end  of  the 
furnace,  it  is  carried  by  the  flue,  O,  to  the  other  side  of  a  wall,  built 
beneath  the  main  cylinder  A,  in  the  direction  of  its  length,  and  the  flame 
then  returns  under  the  opposite  end  of  the  seventh  smaller  cylinder  over 
the  sixth,  under  the  fifth,  over  the  fourth,  under  the  third,  over  the  second, 
and  partly  over  and  paitly  under  the  first,  when  it  passes  into  the  chimney. 
The  wall  before-mentioned,  which  divides  the  furnace  longitudinally, 
answers  the  double  purpose  of  lengthening  the  course  which  the  flame  and 
heated  air  have  to  traverse,  giving  off  heat  to  the  boiler  in  the  passage,  and 
also  of  securing  the  flanges,  or  other  joinings,  employed  to  unite  the 
smaller  tubes  to  the  main  cylinder,  from  being  injured  by  the  fire.  The 
ends  of  the  small  cylindric  tubes  rest  on  the  brickwork  which  forms  the 
sides  of  the  furnace,  and  one  end  of  each  of  thera  is  furnished  with  a  cover, 
secured  in  its  place  by  screws  and  a  flanch,  but  which  can  be  taken 
off  at  pleasure,  to  allow  the  tubes  to  be  cleared,  from  time  to  time,  from 
any  incrustation  or  sediment  wnich  may  be  deposited  in  them. 

To  any  convenient  part  of  the  main  cylinder  A,  a  tube  is  a£5xed,  to 
convey  the  steam  to  the  steam-engine.  In  working  with  such  boilers,  the 
water  carried  off  by  evaporation  is  replaced  by  water  forced  in  by  the 
usual  means  for  a  high  pressure  boiler,  that  is,  a  forcing-pump ;  and  the 
steam  generated  is  carried  to  the  place  intended  by  means  of  pipes  con- 
nected with  the  upper  part  of  the  cylinder  A.  In  the  specification,  means 
are  pointed  out  for  applying  this  plan  to  the  boilers  of  steam-engines 
already  in  iise,  by  ranging  a  row  of  cylinders  beneath  the  present  boiler,  and 
connecting  them  with  each  other,  and  with  the  boiler.  Directions  are  also 
given  for  constructing  boilers  composed  of  cylinders  disposed  vertically. 
In  every  case  the  tubes  composing  the  boiler  should  be  so  combined  and 
arr.inged,  and  the  furnace  so  constructed,  as  to  make  the  fire  and  fla  no  act 
around  and  over  the  tubes,  so  as  to  embrace  the  largest  possible  qunntity 
of  their  surface.     It  must  be  obvious  to  any  one,  that  the  tubes  may  be 
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mnt  of  any  kind  of  metal ;  but  cost-tron  ia  the  most  convenient.  Ttte  size 
of  tfac  tnbes  may  be  raxied ;  but  in  e?ery  case,  care  should  be  takeli  not  to 
BH^e  the  diameter  too  great ;  for  it  roust  be  remembered,  tltal  the  larger 
Hm  diameter  of  any  single  ttibe  is  in  such  a  boiler,  the  stronK^r  it  must  t)e 
made  in  proportion,  to  enable  it  to  bear  the  same  expansive  force  of  steam 
an  Lbe  5ma)kr  cylinders.  It  is  not  essential,  however,  to  the  invention, 
ib^t  thc^  iuU'^  sftnuld  be  of  different  sizes;  but  the  upper  cylinders,  espe^ 
ciaJJy  the  one  which  is  called  the  steam  cylinder,  should  be  larger  than  the 
ones,  it  king  the  reservoir,  as  it  were,  into  which  the  lower  one^t 
the  steam,  to  be  thence  conveyed  away  by  the  steam-pipe.  The 
ng  general  directions  are  given  respecting  the  quantity  of  water  to  he 
in  D  boiler  of  til  is  construction ;  viz.  it  ought  always  to  filU  not  only 
whnle  of  the  lower  tubes^  but  also  the  great  steam  cylinder  A,  to  about 
'  ter,  that  ts,  as  high  as  tlie  fire  is  allowed  to  reach;  and  in  no 
Vic  allowed  to  get  so  low,  as  not  to  keep  the  vertical  neckn, 

L :W>i}\  join  the  imalier  cylinders  to  the  great  cy Under,  full  of 

imlrr,  t*':  only  benelicially  employed  when  upplied,  through  the 

medium  i  i  [K>sed  metal,  to  water,  to  convert  ii  into  steam;  tnai  is, 

th§  piinwite  of  the  boiler  would  in  some  measure  be  defeated  if  any  of  the 
pms  ol  the  tubes  which  are  exposed  to  the  direct  action  of  the  hre.  should 
pfCBCDt  a  ^ufhce  of  steam  in  their  interior,  instead  of  water,  to  leceive  the 
tfmuimitted  heat.  This  must,  moie  or  less,  be  the  case,  whenever  the  lower 
Qdrtt^  9Xtd  even  a  part  of  the  upper,  arc  not  kept  lilled  with  the  water« 

Rci^ecting  the  furnace  for  this  kind  of  boiler,  it  shoultl 
always  be  so  built  as  to  give  a  lon^  and  waving  course  to  the 
ilsmr  and  heated  air,  forcing'  them  the  more  effectually  to 
strike  ag&inst  the  sidrs  of  the  tubes  which  compose  the 
botVt^r,  and  ho  to  ^ive  out  the  greatest  possible  portion  of 
their  hcftt  before  they  reach  the  chimney.  Unless  this  be 
attended  to,  there  w  ill  be  a  much  greater  waste  of  fuel  than 
accessary,  and  the  heat  communicated  to  the  contents  of  the 
iMiler  will  be  less  from  a  j^ven  quantity  of  fuel. 

When  ver)'  high  temperatures  are  not  to  be  employed,  the 
Idnd  of  boiler  just  described  is  found  to  answer  very  well  ; 
but  where  the  utttiost  force  of  the  fire  is  desirable  for  pro- 
ducing the  most  elastic  steaiii^  the  narts  are  combined  in  a 
mantier  somewhat  different,  though  the  principle  is  the  same. 
In  the  Phitosophkal  Magazhw,  vol.  xvii.  p.  ^,  is  a  dcscrip- 
tkin  and  drawing  of  a  boiler  of  this  kind,  two  of  which  were 
erected,  in  1803,  at  Messrs.  Meux's  brewery. 

In  every  case  Mr.  VV^oolf  uses  two  safety-valves,  at  least, 
to  hi*  apparatus,  to  prevent  accidents ;  a  precaution  which 
ouinot  be  too  strongly  enforced,  as  it  may  happen,  when  but 
Qoe  hi  employed,  that  by  some  accident  it  may  get  locked^ 
■ad  the  engine  and  people  about  it  be  exposed  to  the  danger 
of  an  explosion. 

In  those  engines  of  Mr.  Woolfs  which  wc  have  seen,  he 
employs  b  l  e  the  one  described,  viz.  with  two  Dinall 

iobca  bent .  .  U  are  full  of  water,  and  exposed  to  the 


THE  0F81IATTVK  MFCRANIC 

te  action  of  the  flame^  comin'    ■      ' 
lecks  or  branches   with   tlit*   J 
which  has  water  in  the  lower  part,  and  bteum  in  the 
The  only  (Ufference  from  what  we  have  above  deBcril 
that  the  lower  and  npper  tubes  are  placed  in  the  same  dii 
tion,  instead  of  being  at  right  angles  to  each  other ;  and 
fiame  proceeds  in  the  direction  of  Uteir  length,  insteud 
crossing  them ;  the  lower  or  water  tubes  are  raiber  incl* 
upwards.    The  metal   of  tliese  tubes  i^  made  very  tlii< 
with  a  view  to  strength  and  durability. 

The  idea  of  making  boilers  for  raisijig  strong  steam  by 
number  of  small  tubes,  which  can  be  made  stronger  than 
large  vessel,  is  not  original  with  Mr.  Woolf,  Mr,  Blakey,' 
whom  we  have  before  spoken,  having  proposed  it  in  a 
tract  which  he  published  in  French,  at  the  Hague,  in  171 
But  his   tubes  were  to  be  placed  over  each  other^  in 
inclined  direction,  and  the  water,  being  admitted  at  the  tij 
end,  ran  down  within  the  heated  inclined  tubes,  and 
converted  into  steam. 

Waoif's  regtilating  steam^valve, — Besides  the  oontmoti 
safety-valves,  Nlr.  Woolf  has  also  introduced  a  valve  of  a  new 
construction  into  the  steam-pipe  itself,  to  regulate  tlic  \\qm\- 
lity  that  sh;dl  pass  from  the  boiler.  In  fact,  it  ifl  a  self-sctiiig 
steam- regulator,  and  extremely  ingenious. 

A  (fig,  201)  is  a  port  of  the  great  or  steam  cylinder  of  one  of  Mr.  WoolH 
boilers;  B  B,  the  neck  or  outlet  for  the  sieam^  surraounteJ  hy  ( 
C,  which  is  joinwl  to  t!ie  neck  B  B*  by  the  Aapges  a,  a.    Tltc  t 
of  the  steani-box  C.  marked  with  the  letter  D^  is  well  scr<i 
And  has  a  hole  through  il  for  the  rod  of  tlie  valve  to  pn^Hs 
of  th<*  bolf?  is  formeil  to  a  box  to  hold  a  stuffing,  and  make  Oj*.  iwd 
•nd  dovrn  siJifani-itirht,  the  sluffiiig  beinu;  kept  in  iu  place  by  me* 
collar,  scir      '   '     ^  in  llie  mual  wuy,  as  shtjwn  in  the  fiifitiv.     By 
of  a  pin  6,  '  vtTtical  piece.s  e„r^  the  slidm^-x'alve  r*)d  ii» 

gi^wbti:i.  .^  ..  *  .^.i^  cover  to  «'■•  '■■'■i'^^'  '  viinfler   ««.     Ti--- • -»* 
irtigiU  iulo  the  conical  ^»  •  iid  ofaco 

fkst  to  the  tljinge  ao,  and  li  neckoftbr 

"a  barrel,  in  wlUeh  the  cylinder   hi*  close.     Tiie  cj'linder  n  n  is 
^ttom,  havjQR  a  frer  communication  wnth  the  steam  in  the  hnjlcr 
three  vrrticaJ  slit*  cut  thnm^'h  the  sidn,  one  of  ' 
\skKp.     TIh»  !svim  "f  Hn^  jT^a  of  ;ili  these  slits  or  o\  iMUj'l 

f*rto  f'l  '  ■"  TOO,  in  i*li.  " 

\\\  Mt  deirree 


\\c  rajve  is  to.iUed  ;  bcH:im»e  lim 
'»  wiil  be  iu  Uiol  pro|»wlioti. 
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ThSm  vahre  may  be  loaded  by  applying  weights  in  any  of 
tbe  tttoal  raethods  ;  but  Mr.  Woolf  prefers  the  one  shown  in 
file  drawing,  in  which  the  upper  part  of  the  rod  R  is  joined, 
by  meaoi  of  a  diain,  to  a  quadrant  of  a  circle  Q,  for  the  pur- 
of  carrying  a  pendulum  weight  Z,  that  admits  of  being 
nearer  to  or  farther  from  the  centre  of  the  quadrant, 
according  as  the  pressure  of  the  valve  is  wished  to  be  increased 
or  diminished. 

As  the  valve  rises,  the  weight  moTcs  upward*  in  the  arc  n  «,  giting  a 
ouAlly  increased  resistance  to  the  farther  rising  of  the  valve,  propor- 
^         '      '  of  4  of 


to  the  KorizontLl  distance  of  the  weight  from  the  centra 
the  weight  attains  a  continual  increase  by  its  rise  in  the  arc,  accord- 
ing lo  the  honTODtal  distances  measured  on  the  line  Q  p,  pressing  llirough 
lW  cmtre  of  the  weight  by  perpendicalars  from  the  horizontal  line. 

T^ou,  if  the  weight  Z  presses  down  the  valve  m  with  a  force  equal  to 
30  potttid*  oci  the  AquaLre  inch  of  the  aperture  in  o  o,  in  its  present  position, 
wticn  it  visrs  to  the  position  at  i,  it  will  press  with  a  force  equal  to  30 
potffvt'  >n.i  ni  p^  with  a  force  equal  to  40  pounds  on  the  square  inch;  *o 
tha'  may  be  made  to  serve  at  the  same  time  a^  an  index  to  llie 

f«r»(  :ends  the  fire,  nothing  more  being  necessary  for  this  purpose 

I       (ban  to  graduate  the  arc,  described  by  tlie  end  of  the  rod  Q  Z,  by  experi- 
'       ■Oital  btaU.     In  the  side  of  the  sleam-box  C  there  is  an  openings  N,  to 

illow  the  tietm  to  pass  from  it  by  a  pipe  lo  the  steam-engine. 
.  It  is  plain  that  tne   adjustment   of  the  positive  pressure  on  this  valve 

h  C10  W  di^termiued  by  sliding  tlie  weight  Z  of  the  pendulum  to  a  greater 
I  or  less  distance  from  the  centre  of  motion.  Again,  lo  adjust  the  rale  of 
^^^it  increaainc  forces,  so  as  to  correspond  with  tb<  increasing  force  of  the 
^Bftttiif  the  nJitts  of  the  quadrant,  Q,  must  be  apportioned  to  the  diameter 
^WRbe  valvt  and  the  opening  of  the  tbtSf  S,  so  that  the  ascent  of  the  wci^hT, 
2^  ia  SCI  qnadiaiit  will  be  correspondent  to  the  varying  pressure,  tliiit 
4^|ostaiieiit  miift  be  made  as  nearly  as  it  can  be  done  before  the  v;ih'e  i^ 
foW;  and  to  bring  it  afterwards  to  an  exact  regulation,  the  chain  is 
ittichrd  lo  the  rod,  R,  by  a  nut  and  screw ;  by  means  of  which,  any  part 
of  the  ate  can  be  ased  that  is  found  most  correspondent  with  the  \4iryir1g 
]flKmnr*^,  1»crausc  the  rate  at  which  the  resistance  of  the  lever  increases  is 
BMBfr  .  n  xim  pendulum  Is  near  to  the  perpendicular,  than  when  it 

^iT  hunzoDtal  position. 

The  s.jjuc  tiiicd  may  be  nroduced,  by  making  ihe  slits  in  the  side  of  the 
^fitakr  uarrower  ut  tlie  lower  part  of  the   cylinder,  instead  uf  being 
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ifaisaiia.  BotXLTON  and  Watt,  soon  after  the  expiration  of 
lilr  patent  frjr  effecting  condensation  in  a  hcparate  vessel, 
red  a  form  of  enffin<?j  called  the  bell- crank  engine, 
of  which   we   shall  reprc»eiit  so   much  a^  is   oeecsaMry  to 
Ml  the  alteration  in  the  mode  of  construction* 

fig*  202  i»  a  s»«i«  vi«w  of  the  engine.    ABC  is  the  bcU-crank»  there 

^       «iia<:tly  similar  part  on  the  other  side,  moving  upon  n  fixed 

«fui  AD  i»  joiJi«d  to  a  crass-piixc  which  works  tlie  piilon* 
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rod  in  the  cylinder.  £  serves  for  the  air-pump,  and  G  for  the  cold-water 
purnp^  and  the  hot^water  purap  may  be  wor&ed  upon  the  samef  bar.  The 
connectii^  rod  from  B  to  H  is  suppoited  to  be  attached  to  the  crank  of  the 
fly-inrheel  at  H.  Engines  of  this  aescription  are  mostly  constructed  with 
slide  or  D  valves,  which  are  worked  oy  the  beam  AC.  This  form  of 
engine  does  not  possess  any  particular  advantages  otherwise  than  those 
arising  from  compactness,  which  are  not  of  sufficient  weight  to  counter- 
balance the  increased  friction.  It  was,  in  some  few  instances,  at  the 
commencement  of  steam  navigation,  applied  to  boats,  but  it  was  found  to 
answer  not  so  well  as  the  double-beam  engine. 

VIBRATING  ENGINE. 

With  a  view  to  do  away  with  the  heam  of  the  engine, 
and  to  communicate  the  motion  direct  from  the  piston-rod 
to  the  fly-wheel  crank,  a  form  of  engine  has  heen  constructed, 
which,  in  engines  of  small  dimensions,  where  the  piston-rod 
can  he  made  of  sufficient  strength  compared  with  the  weight 
of  the  cylinder  that  is  to  vibrate,  have  answered  tolerably 
well.  We  have  seen  one  of  about  one-horse  power,  which 
had  been  at  work  four  years. 

Fig.  203.  A  is  the  cylinder,  B  the  piston-rod,  C  the  crank,  D  the  fly- 
wheel, £  a  stand  supporting  the  cylinder  pivot  F,  which  has  a  similar  one 
on  the  opposite  side.  One  of  these  pivots  is  formed  like  the  key  of  a  four- 
way  cock,  having  a  communication  to  the  top  and  bottom  of  the  cylinder. 
By  the  movement  of  the  piston,  the  cylinder  is  caused  to  vibrate,  to  turn  the 
crank  and  fly-wheel,  and  the  steam  passes  alternately  to  the  top  and  bottom 
of  the  cylinder,  by  the  two-way  axes  on  which  the  cylinder  vibrates. 

When  engines  of  this  construction  are  formed  of  any 
considerable  size,  there  is  a  danger  of  bending  the  piston- 
rod,  and  in  vibrating,  the  weight  of  the  cylinder  loosens  its 
fitting  in  the  stuffing  collar  of  the  cylinder-cap. 

ROTATORY   ENGINE. 

All  steam-engines  as  yet  noticed,  have  their  action  pro- 
duced by  the  movement  of  a  piston  in  a  cylinder,  and  act  by 
what  is  called  a  reciprocating  motion.  In  engines  of  this 
description,  a  very  considerable  degree  of  power  is  ex- 
pended in  arresting  the  motion  of  the  different  working  parts, 
and  putting  them  into  action  in  a  direct  contrary  course: 
this  has  claimed  much  attention  from  engineers,  and  many 
attempts  have  been  made  to  construct  an  engine  in  which 
the  action  of  the  steam  should  operate  in  a  continuous  manner, 
without  bringing  the  parts  to  a  state  of  rest. 

The  roost  obvious  mode  of  attaining  this  object,  is  the  producing  a 
rotatory  motion.  One  of  the  roost  simple  engines  on  this  construction  is 
represented  in  fig.  204,  where  two  sections  are  shown,  the  one  at  right 
angles  to  the  revolving  shaft,  the  other  parallel  to  it,  the  same  letters  in 
both  denoting  the  same  parts.    U  U  U  Uis  a  circular  8team-case>  wHh  the 
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^  bj  the  eucnlftf  pljscs  V  VV V  ilirrogh  tvliidi  the  dbdl 

To  R  k  attadied  by  ibiii  ams,  S  S  S  S,  the  ring  PP,  ia  wUdh 
fais  or  flst  pieces,  A  ind  B,  ue  fixed  on  hing^  fanned  steaiZD-tiglit,  but 
" '    oC  bciD]^  ^ot  in  upon  the  ring,  as  A,  or  opening  and  doaiDf  tin 
O  O  O  O,  as  B.    To  eadi  of  these  four  pieces  is  atlidied  « 


» 


aa  OT  tnptMBg  piece,  C  and  D,  whidi^  duiioi^  tbeir  rerobtion,  touch  the 
•taJ  Ey  and  raises  thesr  res^>ectiye  &ns  into  the  steam- wmy,  as  shown  by  tha 
teled  it&  at  AS  jiist  after  it  has  passed  the  steatn  aperture,  L  The  passatft 
to  the  cmdcDser  is  repreaeuted  at  N;  G  is  a  camb-piece  attachea  to  the 
tfirto'  cut^  and  fitting  in  a  steam-tight  manner  upon  PPPP,  serriog  to 
^loat  thie  haa  ns  they  come  tvund.  The  steam  enienng  at  I  presses  upon 
G  and  A*^  which  is  sapposed  to  hare  been  just  raiscxi  to  that  position,  and 
frma  it  rooDd,  together  with  the  ring  P  P  P  P^  and  the  centre  Muift  K,  until 
ilpaa|^tbei^)etaTe  through  which  the  steam  issues  to  the  condenser,  prior 
i»  «Wcb  the  other  fan,  B,  passes  the  steam-way,  and  obtains  a  position  to 
1M  the  action  of  the  steam,  and  continue  the  motion. 

considered  to  be  a  cylinder  bent  round, 
ilves,  act  the  part  of  a  mstOD»  receiving 
always  on  the  one  siue,  and  efiecting  ilie  coti- 
always  on  the  other.  It  being  requisite  that  the  steam-way 
ha^  aoooe  teiminaiion,  the  obstacle,  G,  is  indispensable,  and  the 
i  of  the  fitns  upon  hinges,  or  some  odier  mcue,  to  pais  such 
is  wiafoidable ;  and  tlicrefbre,  from  beioK  thus  compelled  to  moTc 
iciiRg  as  a  piston  continually  to  and  from  its  fillings,  it  becomes 
difficult  to  maintain  those  fittings  steam-tight.  This^  together 
Iha  steam-way  uot  being  capable  of  reccivmg  the  cylindrical  fcrm, 
ire  IticcmvenieQces  of  great  moment.  It  has  been  found,  thprefore,  that  ia 
iBahttaiiuaig  engines  of  this  constmciion  in  a  working  condition,  great 
te,  which  hitherto  have  not  been  turmounUed ;  and  as  at  present 
€kist  to  no  useful  cad,  we  shall  refrain  from  describing  them 


Tile  ateam-way,  O  O  O  O,  may  be  consi 
•nd  the  boa,  as  they  obtnide  themselves, 
•he  iamnlae  of  the  stcan  always  on  the 


^ 


UIGH-PRBSSURE   KNGINBS. 

If  wHter  be  tirged  greatly  by  fire,  steam  of  greater  pres* 
is  obtztined;  and  it  has  been  lon^  known,  that  the 
extent  of  the  pressure  increases  in  a  greater  ratio  than  the 
expcDdtture  of  heat,  which  has  been  an  inducement  tx)  many 
to  attempt  to  use  steam  at  excessive  pressures.  The  pres- 
•ores  renerally  allovs^ed  in  high- pressure  engines*  is  not  more 
tSian  oOy  40^  and  seldom  exceeds  50  pounds  to  the  inch. 

Id  engines  where  the  pressure  is  so  great,  the  weight  of 
Ikm  BtCDG«phere  Is  not  taken  into  account,  and  the  mode  of 
tttctlfig  tne  motion  of  the  piston  h,  by  allowing  one  end  of 
the  cylinder  to  be  open  to  the  air,  wliilst  the  steam  acts  on 
the  opposite  side  of  the  piston.  By  this  mode  of  operation, 
all  the  parts  appertaining  to  the  promotion  of  condensation! 
ire  dispensed  with,  and,  consequently,  the  expense  of  making 
tho^e  parts,  the  friction  caused  by  tiicir  operations,  and  the 
attention  which  was  necessary  to  their  well-being,  is  entirely 
iaved,  Tlds  gives  to  the  engine  a  peculiar  degree  of  dm- 
plictty,  but  it  is  tmfortunatcly  attended  with  some  danger^ 
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Steam  was  applied  in  this  mode  so  early  as  the  year  1724, 
and  is  described  by  Leupold,  in  his  Theatrum  Machinarum 
Ifydraulicarum,  yol.  ii.  p.  93.  The  engine  thus  described, 
is  formed  with  two  cylinders^  having  pistons  fitted  and 
attached  to  two  separate  beams,  whose  other  ends  are  con- 
nected with  two  force-pumps.  Between  the  two  cylinders  is 
a  four-way  cock,  and  as  the  pistons  are  weighed  and  brought 
down  to  the  bottom  of  each  cylinder,  it  is  evident  that  by 
means  of  this  cock,  the  steam  can  be  let  on  alternately  to  the 
bottom  of  each  cylinder,  whilst,  at  the  same  time,  the  oppo- 
site cylinder  to  that  in  which  the  steam  is  admitted  has  a 
communication  with  the  atmosphere.  Thus,  by  turning  the 
cocks,  the  two  pistons  are  alternately  raised  by  the  steam,  and 
permitted  to  descend  by  the  loading  of  weights  attached  to 
their  other  end*  This  simple  construction  of  high  pressure 
may  be  placed  on  a  par  with  Newcomen's  condensing 
engine. 

Mr.  Watt  presents  to  our  notice  this  mode  of  using  the 
direct  action  of  steam,  in  the  latter  part  of  his  specification,  m 
1769 ;  but  the  most  common  application  of  high-pressure 
steam,  of  late  years,  is  used  in  a  form  of  engine  mvented 
by  Mr.  Trevitheck,  for  the  purpose  of  applying  tlus  power 
to  locomotion.  He  obtained  a  patent  for  it,  in  union  with 
Mr.  Vivian,  in  the  year  1802.  This  engine,  from  its  compact- 
ness, is  peculiarly  applicable  to  this  purpose,  as  it  requires  no 
condensing  water,  which  would  be  an  insurmountable  bar  to 
its  introduction. 

Fig.  205  presents  a  section  of  this  form  of  engine.  A  B  is  the  boiler, 
A^  a  safSety-valve,  C  D  the  cylinder,  £  the  four-way  cock,  G  the  passage 
from  the  boiler,  H  the  passage  to  the  chimney,  G^  for  the  exit  of  the  steam. 
£is  afour-way  cock,  F  the  passage  to  the  top,  and  K  the  passage  to  -^  bot- 
tom of  the  cylinder.  M  the  piston,  N  the  piston-rod,  O  the  connectnig  rod, 
joined  to  the  cranks  of  the  fly-wheel.  The  beam  R  (s  worked  by  the  con- 
necting rod,  which  has  the  rod  of  a  small  force-pump  S  attached  to  it,  acting 
on  the  other  side  of  the  boiler,  and  forcing  water  along  Q  U  into  the'boiler 
by  I.  The  fire-place  is  behind  the  chimney,  as  seen  in  the  view,  and  is 
surrounded  on  tdl  sides  by  the  boiler.  Fig.  206  is  a  section  of  the  cylinder 
at  right  angles  to  the  section  at  fig.  205.  The  four- way  cock  is  moved  by 
means  of  a  lever  on  its  axis,  which  is  struck  by  a  tapit  upon  a  rod  from  tae 
cross-piece  Cs.  It  must  be  understood  that  there  is  another  connecting 
rod  and  crank  on  the  farther  side  of  the  engine,  and  that  the  beam  & 
connects  them. 

This  engine,  we  conceive,  requires  little  elucidation.  The 
four-way  cock  permits  the  steam  to  pass  alternately  to  the  top 
and  bottom  of  the  cylinder  by  the  passages  F  and  K,  and 
affords  it  egress  by  G' :  and  the'  cold  water  coming  to  supply 
the  boiler,  surrounding  it  on  alt  sides,  imbibes  its  heat^  by 


^ 
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which  means  the  boiler  k  fed  with  water  of  a  much  higher 
temperature,  and  the  steam  is  condensed  inH>  by  which  a 
more  rapid  exit  is  obtained  for  it. 

This  kind  of  engine  was  expressly  intended  for  working 
carri^iges*  A  locomotive  engine  was  made  by  Mr.  Treve- 
theckjin  South  Wales,  in  1804,  and  was  tried  upon  the  rail- 
roads at  Merthyr  TydvalL  It  drew  after  it  as  many  carriages 
u  carried  ten  tons  of  bar  iron  for  a  distance  of  nine  miles, 
wHbout  any  farther  supply  of  water  than  that  contained  in 
the  boiler  at  setting  out,  travelling  at  the  rate  of  five 
miles  per  hour.  Since  that  period  they  have  been  tried  iu 
many  places  upon  rail-roads,  but  their  introduction  had  not 
become  general  until  1811,  when  Mr,  Blenkinsop,  proprietor 
of  the  Middleton  Coal-work«,  which  supply  the  town  of 
LceJ^,  adopted  them  for  conveying  the  coals  on  his  rail-road. 
Mr,  BJcnkinsop,  when  he  a<iopted  the  locomotive  engine,  took 
up  the  common  rails  on  one  side  of  the  whole  length  of 
foe  road,  and  replaced  them  with  rails  which  had  cogs  on 
their  upper  surface.  These  cogs  are  cast  at  the  same  time 
with  llie  rails,  and  are  hollow  beneath,  to  be  as  light  as  is  con  • 
fiistent  with  strength  and  durability.  The  pitch  of  the  cogs 
u  Ktx  uiches,  so  that  each  rail  of  three  feet  in  length  has  only 
BIX  cogs.  A  wheel  which  is  fixed  on  an  axis  which  would  be 
that  of  the  fly-wheel  at  one  side  of  the  carriage,  works  in  the 
teetli  of  tlieac  rail^ ;  the  whole  machine  is  thus  caused  to 
adranco  along  the  railway.  Many  fruitless  attempts  have 
made  to  produce  an  engine  capable  of  moving  carriages 
common  roads  j  but  before  this  can  be  effected,  the 
iittiwcrous  parts  of  the  engi'ae  must  be  made  more  compact, 
aod  its  weight  considerably  reduced. 


steam-engines  in 
If   1815,  inclusive, 


Ohsrrvations  on  the  work^  Si'c.  ^'^ 
Corn  waif,  from  August  1811 
t^  Messrs,  Lean,  ^i^ 

Messrs.  Thomas  and  John  Lean  were  l^pointed  to  the 
general  superintendence ;  and  the  diiferent  proprietors, 
as  also  the  regular  engineerV  of  the  respective  mines, 
engaged  to  gire  them  every  fa^ity  and  assistance  m  their 
power.  Their  first  Monthly  Report  was  for  August,  1811, 
and  lacluded  eight  engines,  which  had  in  that  month  consumed 
23,661  bushels  of  coals,  and  lifted  126,126,000  pounds  of 
yraXjtr  cmc  foot  high,  witli  one  bushel  of  coals  for  each  engine, 
betcg  an  average  duty  of  15JG(),000  pounds  lifted  one  foot 
high  witli  each  bushel  of  coals.  In  the  months  of  September 
Bid  October  the  engines  reported  were  tune,  and  in  Noyember 
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and  December  twelve ;  and  it  now  evidentiy  appeal 
tiie  re^lar  publication  of  Messrs.  Leans'  very  usefi 
had  already  been  attended  by  some  improvements  in  1 
dition  of  the  engines ;  for  the  average  duty  for  De 
1811,  extracted  from  these  tables^  appears  to  ha^ 
17,Q75j000  pounds. 

In  January,  1812,  the  number  of  engines  reported  ^ 
teen,  and  by  the  end  of  that  year  they  were  increased 
teen }  and  the  average  duty  performed  by  all  the  en 
the  last-mentioned  month  had  advanced  to  18,200,000 

In  1813,  the  number  of  engines  included  in  the  ] 
Reports  continued  to  increase,  till  in  December  they  ^ 
and  the  average  work  20,162,000. 

During  some  of  the  months  of  1814,  the  engines 
were  32,  and  the  average  duty  performed  during  D 
was  19,784,000  pounds  lifted  one  foot  high  with  eac) 
of  cofds. 

The  table  which  is  subjoined  is  an  abstract  from 
Leans'  Reports,  and  has  been  formed  by  first  count: 
many  engines  are  reported,  as  in  January  1815, 32  c 
then  adding  up  the  column  containing  the  quantity 
consumed  by  all  the  engines  during  the  month,  and 
down  the  amount,  110,824;  in  like  manner  adding 
column  of  pounds  lifted  by  each  engine  one  foot  high 
bushel  of  coals,  the  amount  of  which  was  637,320,91 
lastly,  dividing  the  latter  quantity  by  32,  the  nu 
engines  at  work,  to  obtain  the  average  duty  perforii 
1^9,916,250  pounds. 
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touli  so 

engines. 
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reported. 

1811.  August 

8 

23,661 

8 

126,126,000 

September 

9 

25,237 

9 

125,164,000 

October 

9 

24,487 

9 

121,910,000 

November 

12 

30,998 

12 

189,340,000 

December 

12 

39,545 

12 

204,907,000 

1813.  January 

14 

50,089 

14 

237,661,409 

Februaiy 

15 

54,349 

15 

260,514,000 

March 

16 

59,140 

16 

274,222,000 

April 

16 

62,384  j       16 

276,233,000 

HH 

V 

^^^^H 

^^^^^M 
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1 

1812.  May 

Id 

51,903 

16 

273,546,000 

1 7,096,000 

June 

17 

50;410 

17 

288,076,000 

16,940,000 

^M 

July 

17 

51,574 

17 

300,441,000 

17,677,000 

^M 

August 

t7 

44,256 

17 

314,753,000 

18,510,000 

^M 

Septum  ber 

18 

40,536 

18 

348,396,000 

19,355,000 

^M 

October 

18 

53,941 

18 

321,900,000 

17,883,000 

^M 

November 

21 

57.176 

21 

381,460,000 

18,160,000 

^M 

December 
1813.  4«nuaf7 

19 

55,764 

19 

341,803,000  18,200,000 

1 

19 

60,400 

19 

363,906,000  19,153,000 

Febmory 

22 

58,044 

22 

438,737,000 

19^940,000 

H 

March 

n 

73,862 

23 

440,642,000 

19,157,000 

H 

April 

23 

61,730 

23 

431,032,000 

18,700,000, 

H 

24 

58,890 

24 

463,346,000 

19,300,000 

H 

Juite 

24 

53,110 

24 

470,157,000 

19,590,000 

H 

July 

23 

56,709  1 

23 

443,462,000 

19,281.000 

H 

August 

21 

50,110 

21 

416.898,000 

19,852,000 

H 

September 

22 

58,008 

22 

427,148,000 

19,415,000 

H 

October 

26 

74,796 

26 

488,671,000 

18,795,000 

■ 

November 

28 

77.1 35 

28 

537,958,000 

19,212,000 

H 

December 
mi.  January 

29 

86,273 

29 

584,721,000 

20,162,000 

J 

28 

91,753 

28 

550,751,000 

19,670,000 

FfbniJiry 

26 

78,986 

26 

536.677,000 

20,641,000 

^M 

M&rch 

28 

109,904 

28 

565,406,000 

20,193,000 

^M 
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29 

91,607 

29 

576,617.000 

20,325,000 

^M 

28 

79,437 

28 

569,319,000 

20,305,000 

^M 

June 

30 

75,343 

30 

626,669,000 

20,888,000 

^M 

July 

27 

85,224 

27 

573,208,000 

21,229,000 

^M 

August 

26 

70,443 

26 

545,019,000 

20,960,000 

^M 

September 

27 

78,167 

27 

560,608,000 

20,763,000 

H 

October 

32 

75,080 

32 

630,704,000 

19.709,000 

H 

November 

32 

82,000 

32 

637,322,000 

19,916,000 

■ 

December 
1tt5.  January 

29 

84,669 

29 

573,744,006 

19,784,276 

1 

32 

110,824 

32 

637,320,990 

19,916,250 

February 

33 

101,667 

33 

710,271,250 

21,523,370 

H 

March 

34 

117,342 

34 

706,071,990 

20,766,820 

H 

April 

35 

105,701 

35 

695,212,340 

19,863,210 

H 
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34 
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34 

669,299,140 

20,479,350 
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ufwdtk  actually  done  by  the  engines  employed  In  the  iniiiifs, 

[particularly  in  pumpinfj,  \vn^  to  kriow  the  coinparative  uicrit 

tf  Wuclf  s  engine  with  two  cylinders  when  contra-  '  "  the 

Ileum -engines  in  conimon  use.     One  of  Mr.  VV<'  .iic« 

IS   been  lately  erected  at  Wheal  Vor  mine,  of  03   iuclies 

liumeter  in   tlie  great  cylinder,  (the  sntallcr  cylinder  beins? 

about  one-fiilh  of  the  contents  of  the  ^reat  one,)  and  liiuc 

feet  stroke.  According  to  Messrs.  Leans'  Kqjort  for  May,  the 

duty  performed   by  the   engine  alluded   to,  was  40,l)H<),88i? 

poundtt  lifted  one  foot  with  ever}'  bubhcl  of  coals  consumed  j 

ami  by  letter  we  are  informed  (for  the  printed  Report  hu8  mit 

yet  reachetl  uh)  that  ttie  dut  "  rmedby  Woolf »  engine  Inj 

the  month  of  June  was  5i).. 

Thus  it  appears  that  the  uveiuge  duty  of  the  patent 
for  the  months  of  May  and  June  was  fifty  ntilJious,  u 
iiifgregate  average  duty  of  the  other  engines  is  only  twenty^ 
millions.  From  this  it  is  evident  that  Mr.  VVoolfa  improve- 
ments on  the  steam-engine  will  be  productive  of  much  benefil 
to  the  mining  interests  of  the  kingdom.  On  some  of  the  Uri 
mines,  when  this  engine  shall  have  come  into  general  ur*, 
which  it  umst  do  sooner  or  later,  the  saving  in  fuel  only  will 
add  to  the  yearly  dividends  among  the  proprietors  5>evei 
thouaaud  potmds  sterling.  Nor  is  this  all ;  the  expense  lluit 
will  thus  be  saved  will  prevent  numbers  of  mines  from 
stopping  work  j  and  will  be  the  means  of  setting  many  agj 
to  work  which  have  cea^^ed  on  account  of  the  expense  necc»-^ 
Bftry  to  keep  them  free  from  water. 

B>  Messrs.  Lea nif' Report  for  January,  Hflie,)  111 0    i  f. 

engines  wus  "20,694,630  piund^  of  waler  lilted  one  foof  ' 
otcoah  coTisuined.     Wuolfs   enKiue  at  Wheal  \'or  durjuu-  im 
lifted  47,Mi)o,3;rj  pouiids,  and  his  engine   al  Whrul  Abraham  47,6;^2,y40] 
pauuds  ont-  kmi  high  with  each  bushel  ofc^sils, 

liv  the  lU'poK  for  Fobiiiury,  thtr  averai^e  work  of  34  enfiaes 
'20»6or,3r»H  fjoaiuls  lific<l  OJM?  fool  with  esich  bushel  of  coaU.  Wipolfk 
eu^tuc  ;ii  \V  hetil  Vor  lifted  45,4l»3,:i03  ;  and  the  one  at  Wheal  Abmhain 
4jj896t:iB2  pounds  one  fool  hi^li  wnh  each  bushel. 

Having  examined  into  the  construction  of  the  set'cral  WiikU 
of  engines  in  general  use,  wc  shall  forbear  to  mention  the 
stepH  of  every  t:peculatist  who  has  attempted  improvrnicnt* 
in  this  machine,  and  which  have  for  years  fiUcd  our 
riodical  publications  with  plans,  possessing  more  or 
ingenuity. 

C;dculatjfins  with  reapect  to  the  power  of  alenm  are  nf ; 
importance;  hut  practical  peojde  are  well  ;  kU] 

cannot  be  attended  with  accuracy.     We  ha>  .wni 

tliat  the  amount  of  actual  force  expended  in  steatn-pi 


a 


-  '^  !LSCcrtaincd  with  great  accuracy^  by  gauges  and  srifctj 

;  hut  the  resulting  disposable  power  i&  not  so  easily 

1)1  re  (f,  n-,  the  friction   of  the   various  parts  vary  grt-utly 

L.H..  I  Lj  f)  the  state  which  they  are  in.     The  state  of  the 

<■  o,  in  condensiii)^  engines,  gives  a  more   or   \tAH 

Y  mm,  which  will  vary  notwithstanding  the  utmost 

ngiluncc.     It  has  been  generally  set  down,  among  engineer*^, 

t[.\i  iit-arly  one  half  of  the  power  of  steam  must  be  deductecl 

ie  dUposable  force;  therefore,  suppose  an  engine  of 

,,  I  i^lk  piston^  the  area  of  which  will  be  452  square  inches, 

hs  a  perfect  %'acuura,  as  exhibited  by  the  barometer  of  the 

raulcik-  '    '  lit  of  the  atmosphere,  denoted  by  the 

tnlJH'r  out  fourteen  pounds,  and  the  stcani- 

fuige  on  tiie  boiler  .sUiuds  at  about  two  inches,  wliich   is  an 

Miration  of  two  pounds  pressure,  we  may  estimate  that  there 

-,  per  stpiare  inch  prcbsing  upon  the  piston  ;  therefore 

i32  =  7^^  Ihs.  on  the  piston,   half  of  which  being 

deducted  for  allowance  of  friction,  leaves  a  disposable  force 

»•  'hiAo  if.c   .*M>ving  tlm>ugb  the  dii^tance  at  the  same  rate  in 

moves  J  wlaich  force  being  divided  by  Messrs. 

I'toaou  aiiu  >vutt'H  estimate  of  a  horse*power,  will  give  the 

■OOtiltal  power  of  bueh  engine.     In   high-pressure  engines, 

vWrr  Uie  ssteam  is  not  condensed,  what  is  indicated  by  the 

•toin-eT\u::r    of  the  boiler  ordy,  must  be  cstiniated  as  the 

power.  jon  the  piston. 

'Hifl^  .  ^  Lmcntij  of  power  take  place  in  a  quicker  ratio 
\Lu  :  of  the  temperature,  has  been  long  known  ;  and 
ir  IS  mechanic  of  the  present  day  has  attempted  to 

•■  :^t  very  high  pressures.     Without  entering  into  a 

licicn^Uuu  of  the  obstacles  he  met  with,  we  ^vill  briefly  ob« 
JCrrr,  tliaii  the  requisite  strength  of  the  parts  to  withstand 
Ibe  iires$ure,  conjoined  to  the  excessive  heat,  present  ob- 
iladies  not  caFilv^o  ^f-  nvrrcome. 

The  rec!  '■.   in   steam-engines  is  a  loss  of 

p-itst-r  viL*.,.  ^„..„.  i  _  ...  .icd.  For  the  momentum  of  the 
bi  ithcr  parts  passing  in  one  direction  have  suddenly 

Lj  iK .^itrted  and  moved  in  the  opposite  direction,  which 
prudvcT^  a  loss  of  power.  Rotatory  action  has  been  sought| 
tbcrcfure,  with  propriety,  but  has  not  yet  been  obtained  witli 
a4imntjigi*< 

and  Watt,  in  the  introduction  of  th« 

mnny  works  where  the  power  of  horneg 

yw9S  lifted,  ke  into  consideration  the  number 

of  horK»  ur-  .  .^   ,  .„ L.cular  purpose,  in  order  to  ancer- 

lab  tbc  imiouni  of  force  wanted,     tpon  the  conclusion  of  a 
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numerous  set  of  experiments  they  decided^  that  a  horse, 
working  eight  hours  a  day,  was  capable  of  raising  33,000  lbs. 
one  foot  high,  in  a  minute.  Therefore,  by  dividing  the  num- 
ber of  pounds  an  engine  can  lift  one  foot  high  in  a  minute,  it 
w}ll  ffive  th^  amount  of  horses'  power  to  which  that  engine  is 
.equ<u. 

An  entire  view  of  an  engine  of  the  construction  termed  portable,  is  repre- 
sented at  fig.  207.  A  is  the  cylinder,  B  the  air-pump,  C  the  cola-water 
pump,  D  the  hot-water  pump,  £  the  beam,  F  the  connecting  rod,  G  the 
iy-iAieel>  H  the  eccentric  shaft,  and  I  the  governor. 

It  would  occupy  many  volumes  to  describe  the  various  forms 
pf  construction  of  engines  which  have,  since  the  knowledge  of 
jthe  power  of  steam,  been  contrived;  and  the  information  such 
descriptions  would  convey  would  be,  comparatively  speaking, 
pf  very  little  value,  as  the  majority  of  them  have  arisen  from 
men  ignorant  of  tiie  principles  of  the  action  of  the  machine, 
^d  wQOse  productions  should  be  classed  as  futile  alterations. 

In  attempting  any  improvements,  the  principles  of  action 
should  first  be  taken  mto  consideration.  In  condensing 
engines  the  movement  is  effected  by  the  alternate  increase 
and  decrease  of  temperature,  the  perfection  of  both  of  which 
IS  of  great  importance.  The  primary  point  to  be  aimed  at^ 
therefore,  is  the  maintaining  of  high  temperature  whilst  the 
steam  Is  forcing,  and  reducing  it  suddenly  when  the  conden- 
sation i9  to  be  effected.  This  was  taken  into  consideration 
in  the  construction  of  Newcomen's  engine,  and  was  most 
effectually  attained  by  Mr.  Watt. 

The  other  parts  of  the  engine  may  be  examined  with  a  view 
pf  improvement,  by  considering  their  weight  and  friction, 
and  by  the  substituting  of  a  rotatoty  instead  of  a  reciprocating 
motion. 

Simplicity  of  construction  cannot  be  too  strongly  recom- 
mended in  all  mechanical  combinations ;  for  there  are  many 
contrivances  which  would  certainly  be  deserving  of  the  name 
pf  improvements,  were  they  not  mapplicable  on  account  of 
their  intricacy. 

Attempts  have  frequently  been  made  to  avoid  the  use  c^  the 
2ur-pump,  which  takes  up  a  considerable  portion  of  the  power  of 
an  engine.  A  water  barometer,  adapted  to  the  condenser,  has 
\)een  sometimes  adopted ;  and  a  fall  of  water  has  been  made 
to  pass  over  the  upper  e^^es  and  down  the  orifice  of  a  tube, 
forcing  the  air  before  it.  The  upper  end  of  this  tube  com- 
niunicates  with  the  eduction  pipe,  and  is  said  to  support  a 
vacuum  of  considerable  rarity.  £xpo8ing  the  steam  w&ch  is 
jq  be  condensed  ta  an  increased  sur&ce  by  passing  it  ak>ng 
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iubeg  surrounded  by  water,   or  amongst  tubes    containing 

mler,  has  likewise  been  frequently  adopted.  Indeed  the  ex- 
L  posure  of  considerable  surface  to  receive  heat  in  the  generation 
I  of  steam,  and  the  same  to  abstract  it  in  condensation,  have 
K^Kn  subjected  to  frequent  trial.  That  an  advantage  is  to  be 
^I^Ocured  by  the  adoption  of  such  plans  is  undoubted ;  but  to 
f    Stt&iii   buch  increased  surface  an  intricacy  in  the  parts,  we 

detr,  must  be  adopted,  which  will  more  than  counterbalauce 

the  advantages  gained. 
The  valves,  or  those  parts  of  an   engine  which  direct  the 

dtstributioD  of  the  steam,   have  always  had  the   attention  of 

engiiieeni,  and,  as  we  have  shown,  many  elegant  combina- 

tioffis  have  resulted  from  their  ingenuity. 

»1q  nmning  a  steam-engine,  attention  should  be  given  to  the 
working  parts.  The  cylinder  should  be  packed  with  clean 
hemp  and  the  best  tallow,  and  frequently  examined  to  see 
tliat  the  packing  is  in  order.  The  steps  of  the  fiy-whcel, 
6hafty  and  of  the  crank,  beam,  &€.  should  be  frequently  ex- 
ftmlnedy  and  kept  well  oiled  with  sperm  oil,  which  is  the  best 
for  all  machinery.  These  parts  must  be  kept  from  dust)  and 
if  dry  grindstones  are  driven  in  the  mill,  the  dust  must  be  care- 
fully boxed  off  from  the  engine.  The  use  of  sand  on  the  floor 
ofttnen^ne-hou&e  should,  for  the  same  reason^  be  dispensed 
with. 

The  method  of  starting  an  engine  is,  first  to  shut  the  con- 
densing cock,  then  to  open  all  the  valves  to  let  the  steam 
pajts  into  the  jacket,  into  the  cylinder,  through  the  eduction 
pipe  into  the  condenser,  and  out  at  the  blow-valve,  in  order 
to  expel  tlie  air  from  all  the  parts,  and  get  them  to  a  proper 
temperatune,  which  will  be  sho^vn  by  the  steam  issuing  from 
the  blow-valve ;  for  previously  to  the  parts  being  sufficiently 
ed,  the  steam  in  its  progress  becomes  condensed. 
iWlien  all  the  parts  are  heated,  the  injection  water  may  be 
an^  and  a  vacuum  procured  on  one  side  of  the  piston^ 

produces  instant  action. 
'he  lever  of  the  throttle- valve,  which  is  ultimately  to  be 
rhed  to  the  governor,  should,  on  startmg  the  engine,  be 
hdd  by  the  h&nd  of  the  attendant  until  the  work  is  thrown  on, 
Ibie  engine  baa  acquired  regular  motion. 


^ 


BROWN'S  VACUUM,  OR  PNELi>ij\iiC  ENGINE. 

Having  concluded  our  account  of  the  steam -cnfijtne, 
Ckhall  now  proceed  to  give  a  description  of  the  engine 
mciirumcd,  which  has  recently  chiiraed  much  attei 
the  mechanical  part  of  society.     It  is  represented  'm 

AA  a  beam,  capable  of  vilirating  uppn  a  centre  at  B. 

C  and  C^  two  diarabers»  formetl  of  metal,  of  sufficient  itrencili  t^^  res! 
the  pressure  of  the  atmosphere  (about  14  lbs.  tt>  the  square  in< 
«rtemnJ  surface,  and  having  iJie  cam  C*Ca  suspended,  one  a^ 
the  beam,  capable  of  closing  each  ot  these  chambers  in  an  air^Uglu  Ui4^uc. 
Tlvi  chatnbe*  C*  is  shown  in  section. 

EE  and  E'  E*  are  two  pipes,  containing  ralves  openinj 
and  affording  a  communicaiton  from  the  vessels  F  and  F' 
chambers  C  and  C.    These  vcsfcls,  F  and  F\  contain  flouts,  i 
to  Iht*  beam  AA,  by  rods  which   receive  motion  from  the  flo 
rods  are  attached  the  slides  t  f,  to  close  alternately,  at  each  viV' 
b<am»  the  apertures  h  h.    The  pinsp;?,  attached  to  one  of  the  t 
floats,  give  motion  to  the  small  vibrating  tube  R»  which,  by  ihi 
attached  to  the  cranks  in  the  chamber  S,  allemalely  opens  and  c^^na  tii« 
pipes  S*  S*,  communicating  with  the  vessels  F  and  F*. 

D  O  is  a  pipe  leading  from  the  gasometeff   branching  off .  i    ' 
the  two  chambers  C  and  C,  for  the  purpose  of  supplying  the   . 
be  consumed   in  etTecting  the  vacnum.    Tins  supply  can  be  atitniM".^!  m 
ihut  otf  by  means  of  the  cocks  D*  D',  which  open  and   close  by 
«tori(ed  by  the  movement  of  ihe  beam. 

O  G  two  other  branch-pipes,  supplied  with  gas  from  the  gaMUMKf^ 
ending  in  a  jet  at  each  end.     By  the  slanting  direction  of  the  ends^ 
evident^  that  the  flames  from  these  jets  will,  when  their  respective 
A  A  be  c^n,  protrude  into  the  chambers  C  find  C^ 

K  and  K'  are  two  pipes,  afibrdinsf  a  communication  from  the  out' 
ihe  interior  of  each   of  ilie  chambers  C   and   C* ;    their  outer  va 
capable  of  being  closed  bj  means  of  the  cranks  n  tt,  which  are  tiltach^;^  hy 
chains  to  the  tloats  F*  F". 

T' ■    .     '!.  ■'     ^"    ,-ifHT  the   gas  to  y^     '     ■•''' 

Oi    !  •>.-    »       ,y    >i.nr....  by  the  jct   nf  ■ — 

iv:  -  ignited,  and  by  its  comln 

cxi  of  the  atmospheric  air  fit  i  . 

Su  limber  be  put  down,  and  by  tin-  '. 

iKf  I  he  orifice  A  and  gus-pipe    D  l 

ogmbusUou  will  imrfletittitdy  ceiiie^  and  leave  ihertin  a  partial  ^ 
atmu:^phcre  begioninit  now  to  press  upon  the  vessel    F,  will  < 
of  the  water  to  paw  from  it  itifu  ihe  chamber  C  as  will  > 
tlie  vacuum,  when  the  valve  throueh  winch  the  waier  pi 
an^  ,  .---.._:-. .:._  V,---         -  ,  -  •'      ,  . 

ell: 

ih'  I  W.     Fr-  -.nil.>Uie. 

fijiii   ^  .      '  ^'  'r*'*"  F  I  .._,    Lq  engine  in 

Uf  jitpirw  the  opvrfttiOQ. 


iM'.Ki  at 

4 
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ill.'  nhii*^  if  wiil  be  Been   tKni  wh^n  <h«^  rap  of  one  chamber 

a  the  sjinj  witb  jt ;  and  by  the 

.'  benm  Uit  ,        ^,  lo  tlif  other  cbam- 

I,  inid  |irfe*juire<l   for  a  like  opeialion.     It  will  oho  be   seen 

m  of  this  motion  if  attained  by  ihe  nsing  of  ihe  l\vo  H04U 

"andi'i. 

ea  to  be  derived  from  this  engine,  as  detailed 
rtptive  outline  of  the  inventor,  are, 
Tlie  quantity  of  gas  consumed  Kieing  very  small,  the 
working  the  engine  is  moderate.  In  its  application 
J  saving  will  be  extremely  great,  the  cost  of  the 
tducting  the  value  of  the  coke)  being  inconsider- 
expense  of  working  a  marine  engine  will  certainly 
119  thr  gas  used  for  that  puqsose  must  be  extracted 
Ich,  tar,  or  some  other  substance  equally  portable, 
this  case,  it  will  not  equal  the  cost  of  the  fuel 
propel  a  Bteam-boat ;  and  as  a  few  butts  of  oil  will 
for  a  long  voyage,  vessels  of  the  largest  tonnage 
elled  to  the  most  distant  parts  of  the  world. 
**The  engine  is  light  and  portable  in  its  construe- 
rcragc  weight  being  less  than  one-Jifth  the  weight 
engine  (and  boiler)  of  the  same  power.  It  also 
much  smaller  space,  and  does  not  require  the 
»  strong  a  building,  nor  of  a  lofty  chimney.  In 
saving  of  tonnage  will  be  highly  advantageous, 
'  smaller  comparative  weight  and  size  of  the 
in  the  verj^  reduced  space  required  for  fuel, 
"  This  engine  is  entirely  free  from  danger.  No 
*  uted,  explosions  cannot  take  place,  and  as  tlie 
gas  consumed  is  so  small,  and  the  only  pressure 
almosphere,  it  is  impossible  that  the  cylinder  can 
accidents  incidental  to  steam- boats  occur, 
cr  of  the  engine  (being  derived  from  the  atmo- 
of  ten  pounds  and  upwards  upon  the  square 
ed  with  the  dimensions  of  the  cylinders, 
d  always  ascertained  by  a  mercurial  gauge. 
y  necessary  to  allude  to  the  well-known  fact, 
cting  the  friction  arising  from  the  use  of  the 
W&ter  pumps,  8cc,  &c.  the  general  available 
densing  steam>engine  is  from  seven  to  eight 
inch. 
of  the  machine  will  be  more,  particularh/  as 
or  raising  wafer ;  it  is  therefore  peculiarly 
tng  fens,  kc.  or  supplying  reservoirs.  Tlie 
and  tear  will  altio  be  considerably  less  than 
ii-CDgioei  and  when  occasionally  <jut  of  order, 
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it  may  be  repaired  at  a  trifling  cost,  and  with  but  little 
delay/' 

In  examining  the  effects  of  this  engine,  we  cannot  to  a  cer- 
tain extent  withhold  our  approbation  ;  for  the  patentee  hai 
undoubtedly  effected  and  applied  a  vacuum,  produced  by 
ignition,  in  a  manner  different  and  more  manageable  thto 
any  attempts  that  have  hitherto  come  to  our  knowlecks. 
The  probability  of  its  entering  efficiently  into  competitioa 
with  the  steam-power,  is  a  question  that  requires  the  dita 
of  experience,  which,  in  this  early  state  of  the  inventioo, 
cannot  be  procured. 

We  understand  it  is  the  intention  of  the  inventor  to  i^ply 
the  effects  of  the  vacuum  thus  produced  to  the  movement  A  a 
piston  in  a  cylinder,  which  object  will,  when  attained,  afford 
a  much  greater  scope  for  the  application  of  its  powers,  and 
render  it  peculiarly  applicable  to  locomotion.  The  obstede 
which  at  present  suggests  itself  to  the  attainment  of  this  end 
is,  the  difficulty  of  procuring  a  rapid  condensation  mnthoot 
allowing  cold  water  to  enter  the  cylinders  at  each  atroke, 
which  m  the  present  form  of  construction  is  allowed,  and 
which  greatly  ^ds  the  operation  by  keeping  the  chamben 
entirely  cool.  Without,  however,  seeking  for  obstaclei^ 
we  wish  the  ingenious  inventor  success  in  surmounting 
them. 


ON  THE  STRENGTH  OF  MATERIALS 

An  accurate  knowledge  of  the  following  experiments 
made  by  Mr,  George  Rennie,  Jun.,  and  communicated  by  him 
in  a  letter  to  Thomas  Young,  M.  D.  For.  Sec.  R.  S.,  is  of  so 
much  importance  in  the  construction  of  machines,  that  w^ 
have  extracted  it  from  the  Transactions  of  the  Royal  Society; 
to  which  we  have  annexed  some  useful  notes  by  Mr.  T. 
Tredgold. 

"  In  presenting  the  result  of  the  following  experiments," 
says  Mr.  Rennie,  ^^I  trust  I  shall  not  be  considered  as  deviating 
from  my  subject,  in  taking  a  cursory  view  of  Uie  labours  (« 
others.  The  knowledge  of  the  properties  of  bodies  ndiich 
come  more  immediately  under  our  observation,  is  so  instru- 
mental to  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  serious  attention.  The  Royal  Society  appeam 
to  have  instituted*  at  an  early  period,  some  experiment^  on 
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t  Titi*  they  have  recorded  little  to  aid  ws.  Emersoiij 
,  haa  laid  down  a  number  of  rules  and 
Professor  Robison  in  his  excellent  treatise 
fitdia  Hnlimttkn^    Banks  on  the  Power  of 
r^on  of  Glnsgow,  Colonel  Ik^aufoy,  he* 
oar  couutrymen^  who  h.iv<"  J^i^^n  the 
ir  I  vj.i  : /i.ii  iits  on  wcMxi  subject, 

.iviir-  tn  have  excited  co'      i  i    ion  on  the 

iti  A  theory  was  publiiihed  in  the  year  1G38,  oy 
O9  on  the  resistnnce  of  solids^  and  subsequently  by  n^iy 
pliilocoDhers.  But  however  plausible  these  investiga- 
Qippeareu,  tijey  were  more  theoretical  than  practical^  as 
H?  seen  ill  the  sequel.  It  is  only  by  deriving  a  theory 
eafeliil  and  welUdirected  experiments,  that  priu:tical 
bc'  obtained.  It  would  be  useless  to  enumerate 
of  those  philosophers,  who,  in  foljowing,  or  varying 
ps  of  Galileo,  have  merely  tended  to  obscure  a 
jting  which  they  had  no  data  to  proceed  upon, 
it  to  enumerate  the  names  of  those  who,  in  con- 
our  own  countrymen,  have  added  their  labours 
knowledge  we  possess.  The  experiments  of 
"  in  the  Annals  of  tfie  Academy  of  Sciences  at 
I'M  the  ywirs  1/40  and  1741,  were  on  a  scale  sufficiently 
fcojti^ify  ever}'  conclusion,  had  he  not  omitted  to  aiicer^ 
\c  dtnjct  and  absolute  strength  of  the  timber  employed, 
»}>cared  from  his  experiments,  that  the  strength 
fibre  is  nearly  in  proportion  to  the  specific 
rhenbroeck,  whose  accuracy  (it  is  said)  entitled 
IcBce,  made  a  number  of  experiments  on  wood 
I,  by  being  tried  on  various  specimens  of  the 
afforded  a  mean  result  considerably  higher 
iou6  authorities.  Experiments  have  also  been 
tte,  Varignon,  Perronet,  Ramus,  Rondelet, 
',  Anbry  and  Texier  de  Norbeck,  as  also  at 
rtec/mique,  under  the  direction  of  M.  Prony. 
iScli  futtiiorities  before  us,  it  might  be  deemed  presump- 

Plo  offer  you  a  communication  on  a  subject  wliich 
CYiautty  treated  of  by  so  many  able  men.*    But 

iSiat  A*  nib»«i  ho*  hem  eoowdered  by  roany  able  philoso- 
lG«1i1fto<1  :,  but  it   is       '     '      'v  that 


kbiocl 


led;  or 


I 

-    -t'--~' -:  ^■— -^-  J,  -  --^  '   ■■■   ■' 

As  t9  ihe  mi>t&n«e  10  fracture,  which  with  the  gioater  part 
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whoever  has  had  occasion  to  investigate  the  principles  Qpan 
which  any  edifice  is  constructed,  where  the  combination  of  iU 
parts  are  more  tlie  result  of  uncertain  rules  than  sound  prin- 
ciple^  will  soon  find  how  scanty  is  our  knowledge  on  a 
subject  so  highly  important.  The  desire  of  obtaining  some 
approximation,  which  could  onlv  be  accomplished  by  repeated 
trials  on  the  substances  themselves,  induced  me  to  undertake 
the  following  experiments. 

A  bar  of  the  best  English  iron,  about  ten  feet  long,  was  selected  tod 
formed  into  a  lever,  whose  fulcrum  is  denoted  by/,  fig.  209.  Hie  hole  was 
accurately  bored,  and  the  pin  turned,  which  suffered  it  to  move  (reely.  The 
standard  A  was  firmly  secured  by  the  nut  c  to  a  strong  bed  plate  of  eaMr 
iron,  made  firm  to  the  ground.  The  lever  was  accurately  aivided  in  its 
lower  edge,  which  was  made  straight  in  a  line  with  the  fulcrum.  A  point, 
or  division  D,  was  selected,  at  five  inches  from  the  fulcrum,  at  which  plaee 
was  let  in  a  piece  of  hardened  steel.  The  lever  was  balanced  by  a  weiglit, 
and  in  this  state  it  was  ready  for  operation.  But  in  order  to  keep  it  as  level 
as  possible,  a  hole  was  drilled  through  a  projection  on  the  bed  plate,  large 
enough  to  admit  a  stout  bolt  easily  through  it,  which  again  wa.^  prevented  fiom 
turning  in  the  hole  by  means  of  a  tongue  t  fitting  into  a  corresponding  groove 
in  the  hole.  So  that,  in  order  to  preserve  the  level,  we  had  only  to  move 
the  nut  to  elevate  or  depress  the  bolt,  according  to  the  size  of  the  specimen. 
But  as  an  inequality  of  pressure  would  stiU  arise  from  the  nature  of  the 
apparatus,  the  body  to  be  examined  was  placed  between  two  pieces  of  steel, 
the,  pressure  being  communicated  through  the  medium  of  two  pieces  of  thidi 
leather  above  and  below  the  steel  pieces,  by  which  means  a  more  equal 
contact  of  surfaces  was  attained.  The  scale  was  hung  on  a  loop  of  iron, 
touching  the  lever  in  an  edge  only.  I  at  first  used  a  rope  for  the  balance 
weight,  which  indicated  a  friction  of  four  pounds,  but  a  chain  diminished 
the  friction  one  half.  Every  movable  centre  was  well  oiled.  Of  the  resist- 
ances opposed  to  the  simple  strains  which  may  disturb  the  quiescent  state 
of  a  boay,  the  principal  are  the  repulsive  force,  whereby  it  resists  oem- 
pression,  and  the  force  of  cohesion,  whereby  it  resists  extension.  On  the 
former,  with  the  exception  of  the  experiments  of  Gauthey  and  Rondelet,  op 
stones,  and  a  few  others,  on  soft  substances,  there  is  scarcely  any  thing  on 
record.  In  the  memoir  of  M.  Lagrange,  on  the  force  of  springs,  publi^ied 
in  the  year  1760,  the  moment  of  elasticity  is  represented  by  a  constant 
quantity,  without  indicating  the  relation  of  this  value  to  the  size  of  the 
spring :  but  in  the  memoir  of  the  year  1770,  on  the  forms  of  columns,  wherp 
he  considers  a  body  whose  dimensions  and  thickness  are  variable,  he  mak^ 
the  moment  of  elasticity  proportional  to  the  fourth  power  of  tlie  radius,  in 
observing  the  relations  of  tlieory  and  practice  to  accord  with  each  other.  This 

of  mechanical  writers   is  the  only  object  attended  to,  it  is  of  veiy  inferior 
importance. 

The  laws  of  flexure  constitute  the  chief  guide  in  the  constmction  of 
buildings ;  and  the  intention  of  these  notes  is  to  call  the  attention  of  experi- 
mentalists to  this  part  of  the  subject ;  and  as  it  is  probable  the  ingenious 
author  of  the  experiments  now  before  me  may  be  tempted  to  resume  his 
iiibours,  I  feel  certain  that  he  will  not  feel  displeased  to  have  his  attention 
called  to  some  interesting  points  of  inquiry,  which  he  ha3  either  neglected 
10  notice,  or  has  not  given  to  the  puWic. — ^T.  T. 
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A  piAsm,  having  a  logarithndc  curve  for  lU  limits,  rewmbliaf  • 
eoliimn ;  it  was  |  of  an  uich  diameter  by  one  inch  long,  brdw 
with W54 

April  28/ A.     TridU  on  prkm  of  different  leugike, 

9414-5/^'**    horizontal   9W 

lixf    ditto    W74 

i  X I    ditto,  bad  trial,  9006  lbs. 

^^^^Xixi    ditto    l«Wy 

April  29th,     Horizontal  cattingt. 

, ^.,.. ♦....•  9006 

, 8845^ 

,..• 83a 

fxl     643J 

{    or  one  inch  long ••  63H 


fx 


Vertical  castingt. 
932S 


,  small  defect  in  the  specimen • 79$ 

Jxl WI8 

^  X  f    or  one  inch 6430 

Experimentt  on  different  metals, 

fxf    cast  copper,  crumbled  with 7318 

fxi    fine  yeUowbrassreduced^^  with  3213- f  with....  10304 

ixi    wrought  copper ^....3427} 6440 

|x^    easttin  A----    552-* 966 

^x}    cast  lead • •it ^ 

The  anomaly  between  the  three  first  experiments  on  f  cubes,  and  thfl  tv 
second  of  a  different  length,  can  only  be  accounted  for,  on  the  diflkaky  of  n 
ducing  such  small  specimens  to  an  equality.  The  experiments  oa|^  iAch  jprhi 
of  different  lengclis  give  no  ratio.  Txie  experiments  on  i  inch  cubes,  taknff  • 
average  of  the  three  first  in  each,  give  a  proportion  between  them  and  die  W 
on  f  cubes, 

as  1  :  6*096  in  the  block  castings 
as  1  :  7*352  in  the  hoiizontal  ditto 
as  1  :  8*035  in  the  vertical  ditto. 
In  several  cases  the  proportion  is  as  the  cubes. 

The  vertical  cube  castings  are  stronger  than  the  horizontal  cube  caa&agt' 
The'  prisms  usually  assumed  a  curve  similar  to  a  curve  of  the  third  orie 
previous  to  breaking. 

The  experiments  on  the  different  metals  give  no  satii 
factory    results.     The    difiiculty    consists    in    assigning 
value  to  the  different  degrees  of  diminution.     When  cob 
pressed  heyond  a  certain  thickness^  the  resistance  becomi 
enormous. 

Experimente  on  the  nupention  of  bars. 

The  lever  was  used  as  in  the  former  case,  but  the  metals  were  held  byi^pt 
They  were  made  of  wrought-iron,  and  their  ends  adapted  to  receive  the  b« 
which,  by  being  tapered  at  both  extremities,  and  increasing  in  diameter  fin 
the  actuiu  section,  (if  I  may  so  express  it,)  and  the  jaws  of  the  nippen  bd 
confined  by  a  hoop,  confined  both.  The  bars,  which  were  uz  inchea  long,  i 
k  square,  were  thna  fairly  and  firmly  grasped. 
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9mt  A^  80. 19174 

4ft  f  inch,  CMt  iron  bar,  horizontal ll^liio't.K  i». 

4€ido.  do.  vertical 1218/^*^*^*'^ 

47  i  do.  cast  steel  preriouily  tilted 8391 

4t  f  do.  blister  steel,  reduced  per  hammer    ....  8322 

49  i  do.Bhear«teeU    do.    do 7977 

ftO  I  do.  Swedish  iron,    do.    do 4504 

SI  I  do.  English  iron,    do.    do 3492 

S8  ^  do.  hard  gan-metal,  mean  of  two  trials  ....  2273 

ft3  f  do.  wrou^t  copper,  reduced  per  hammer . .  2112 

54  i  do.  cast  copper   1192 

55  I  do.  fine  yellow  brass 1123 

56  f  do.  cast  tin   296 

57  i  do.  cast  lead 114 

Remarks  on  the  kut  eTperiments. 

TW  ThAo  of  the  repulsion  of  the  horizontal  cast  cubes  to  the  cohesion  of 
laiiotttal  cast  bars,  is  8*65  :  1. 
1W  ratio  of  the  Tertlcal  cast  cubes  to  the  cohesion  of  the  vertical  cast  bars, 

Ihsarerage  of  the  bars,  compared  with  the  cabe,  No.  16,  is  as  10*611  :  1. 
The  other  metals  decrease  in  strength,  from  cast  steel  to  cast  lead. 
He  stretching  of  all  the  wrought  bars  indicated  heat. 
The  fracture  of  the  cast  bars  was  attended  with  very  Kttle  diminution  of 
Klioa,  scarcely  sensible. 

Hie  experiment  made  by  M.  Prony  (which  asserts^  that  by 
■ddng  a  slight  incision  with  the  file,  the  resistance  is 
iniiUBhed  one  half)  was  tried  on  a  ^  inch  bar  of  English 
Iron ;  the  result  was  2920  lbs.,  not  a  sixth  part  less. 

T^  single  experiment,  however,  does  not  sufficiciitly  dis- 
jKOfe  the  aathority  of  that  able  philosopher,  for  an  incision  is 
m  a  VBgne  term.  The  incision  I  made  might  be  about  the 
ibrtieth  part  of  an  inch. 

Experiment*  on  the  twist  ofi  inch  bars. 
To  eflSsct  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepared: 
iteonnsted  of  a  wrought-iron  lever  two  feet  long,  having  an  arched  head  about 
I-6tli  of  a  circle,  of  four  feet  diameter,  of  which  the  lerer  represented  the 
ntios;  the  centre  round  which  it  moved  had  a  square  hole  made  to  receive  tbe 
(si  of  the  bar  to  be  twisted.  The  lever  'was  balanced  as  before,  and  a  scale 
hn^  on  the  arched  head  ;  the  other  end  of  the  bar  being  fixed  in  a  square  hole 
b  a  piece  Of  iron,  and  that  again  in  a  vice.  The  undermentioned  weights 
die  quantity  of  weight  put  into  the  scale. 

May  30, 1817. 
On  twists  close  to  the  bearing,  cast  horizontal. 

58  f  ID  bars,  twisted  as  under  with 10  14  in  the  scale. 

59  I  do.  bad  casting 8     4 

6e|do ion 

Average  9  15 
Cast  vertical. 

<l  i M     8 

fi2| 10  13 

©i^ 10  11 

Average     10  10 
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On  difierent  metals. 

Mo.  lU.  01. 

64  Cast  steel 17    9  in  the  scale. 

65  Shear  steel 17     1 

66  Blister  steel 16  11 

67  English  iron,  wrought 10    2 

68  Swedish  iron,  wrought    9    8 

69  Hard  gun-metal    5    0 

70  Fine  yellow  brass 4  11 

71  Copper,  cast 4    5 

72  Tin 1     7 

73  Lead I     0 

On  twisU  of  different  lengths. 

Horizontal.  Vertica*. 

No.                                       Wci<ht  in  scale.  No.                                       Weight  in  Male. 

74  f  by  J  long 7     3      I      77  f  by  §  do 10     1 

75  i  by  I  do 8     1  78  J  by  |  do 8    9 

76  :(  by  1  inch  do 8    8      |      79  i  by  1  inch  do 8    5 

Horizontal  twists  at  6  from  the  bearing. 

80  ^  by  6  inches  long 10  9 

81  i  bydo.  do 9  4 

82  f  bydo.  do 9  7 

Twists  of  i  inch  square  bars,  cast  horizontally. 

No.  qn.  Ibs.oz. 

83  i  alose  to  the  bearing 3    9  12  end  of  the  bar  hard. 

84  I  do ; 2  18    0  middle  of  the  bar. 

85  i  at  10  inches  from  luring,  lever  in  the  1     i  o^    n 

middle    /     *  ^*    " 

On  twuii  of  different  materials. 
'Rfese  experiments  were  made  close  to  the  bearing,  and  the  weights  were 
aocnmulated  in  the  scale  until  the  substances  were  wrenched  asunder. 
No.  Weight  in  wrale.         No.  Weight  in  jcalc. 

86  Cast  Steel 19     9  91  Hard  gun-metal 5    0 

87  Shear  steel 17     1  92  Fine  yellow  brass 4  11 

88  Blister  steel 16  11  93  Copper : 4    5 

89  English  iron,  No.  1  ....   10    2  94  Tin ,..     1     7 

90  Swedish  iron 9    8  95  Lead 1    0 

Remarks, 
Here  the  strength  of  the  vertical  bars  still  predominates. 
The  average  of  the  two  taken  conjointly,  and  compared  with  a  similar 
case  of  f  inch  bars,  gives  the  ratio  as  the  cubes,  as  was  anticipated. 

In  the  horizontal  castings  of  different  lengths,  the  balance 
is  in  favour  of  the  increased  lengths  ;  but  in  the  vertical  cast- 
ings,  it  is  the  reverse.  In  neither  is  there  any  apparent  ratio. 
In  the  horizontal  castings  at  six  inches  from  the  bearingy 
there  is  a  visible  increase,  but  not  so  great  as  when  close  to 
the  bearing. 

June  4, 1817.    Miscellaneous  experiments  on  the  crush  of  one  cubic  inch. 
No.  Ibt.  aToirdapokc 

96  Elm   1284 

97  American  pine 1606 

98Whitedeal 1928 

99  English  oak,  mean  of  two  trials 3860 

100  Ditto,  of  5  inches  long,  slipped  with • 2572 


Ik  4>ft  t*V:^.|«MM«. 

l§lb^Aaak.c€imtls£ije$ixx.5^'y€dMi:h 5UF* 

MA^BamvifmedaadKsx  Zlscyn'^^eK    :j)Mi^ 

111  VfBo^  amsaej  =art> .Cli« 

INOiifLRCib. Sc;^ 

thnsfh  A  kmi  of  lynsicf.  tbe  butf  •«:'  «^ich  ir»nrt1  tHi  iHc  h\%\c  Wxihrr.  am! 
Iktf  OB  tW  faooe.*     IV  l^rer  pr«sf»»  aroa  th*  »ncx  of  ibe  nvrAuiiu.     l  uSh*. 

MSCkdk  U27 

US  Brick  of  a  pale  ltd  cokmr 'J*U:0          l:^Kft 

117  Eoe-fftonr.  doocatcnbuv   \aA9 

IM  Red  brick.  BKma  of  tvo  trials    *MoS           IS|; 

M  VcOov  Cmc  baked  Hammtfrsimih  p jtrion. .( limM *^2t>A 

Uf  Baratdo.  meaaof  twotrUU MiA 

111  SCooiliridge  or  firr  brick :t!^;i 

112  Derbr  frit,  a  rrd  friable  sand-stone    *J  MfH          TOrO 

113  Dino',  ftom  aaolker  quarry 2'4i»          9776 

114  KiDalT  vhite  frecslooe,  not  stntiAed '2'A'2:\        llVJri 4 

lUPbrtlaad  •J'lCji        IOiH4 

116  Craig  Ldth,  vbite  freestone *J*4y.*        12;II6 

Jvae  5.  0,  and  7.  1817. 

117  YoikiLin  paring  with  the  strau i'hO?  128,Sii 

118  Ditto  do.  afaiut  tbe  Mrata 2A07  lilKiti 

119  White  Btatnaiy  marble  not  roiucd    2'7M  KIK^VJ 

120  Bfamle7  Fall  sandstone,  nehr  LenUi,  uith  strata    'I'MMi  I'MilVl 

121  Ditto,  against  the  strata    2'&0(i  IM^i'J 

122  Coraisb  grunite '2M'2  U'M'2 

123  Dondee  sandAtone  or  brrsria,  two  kinds 2  A:tO  1 4!i  18 

124  A  two-iach  cube  of  Portland     2*42:t  14*118 

125  Craig  Lrith  with  tbe  strata   -J-4.VJ  I.VidU 

126  Devmuhirc  red  niarblc,  rarifiratod h»712 

127  Compact  limestone 2-.*i81  I7:t.'i4 

128  Pletcfiiead  granite  hard  close  irretned 18(i:tli 

129  Black  compact  limestone,  Uini-rirk 'J'.MIK  1  (|«I2 1 

130  Parbeck    2-.VJ*i  20f>lO 

131  Black  Braliant  marble    '2-f>!l7  20742 

132  Very  bard  freestone  2..Vi8  212A4 

133  White  Italian  veined  marble 2-72(i  21  7h:i 

134  Aberdeen  i(ranite,  blue  kind 2-«i'J.'i  '.M.'i.'ifi 

N.  B.   The  specific  gravities  wen?  tuken  with  a  delicate  Imliiiii'r,  niude  l»y 

CreigfatOD  of  Glasgow,  all  with  the  exception  of  two  siK'cinieiM,  which  wen*  h\ 
•ceident  omitted. 

Remarkt, 
In  observing  the  results  presented  l)y  tlie  preceding  table, 
it  will  be  seen  tliat  little  depnuleiice  can  be  plaeed  tm  tlir 

*  Tbe  experijuents  on  wowls  are  cunsidernbly  lielovv  thosr  of  otiirr  wrilrn , 
and  it  appears  singular  that  the  fuur-iuch  siu'cimeii  slir)ul<l  ho  Ntn>iigiir  than  thr 
Sorter  length.     According  to  Rondelct's  experiments,  to  critHli  a  cuhic  ini-li  of 
«ek  It  required  from  5000  to  fiOOU  lbs.  avoirdupoiNC 
of  fir        -  from  fiOOO  to  7000  11m. 

la  tbe  former  tbe  pieces  were  compreMed  one-third  of  th«*ir  length  -,  in  tlielaltrr 
OT  hilf  of  their  ienp^th  (Rondelct's  I/^rt  dc  B&tir,  tuiii.  iv.  p.  til,)  Mr.  Kennu*. 
has  not  stated  the  diminution  of  length. 

t  It  certainly  would  have  been  preferable  to  havi;  placed  a  hard  and  rigid 
next  the  stone,  in  order  to  becure  equality  of  pressure. 
Q 
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■Specific  gtavitles  of  atones,  'so  far  as  regards  thdr  repidsive 
powers,  although  the  increase  is  certainly  in  fietvonr  of  their 
specific  gravities.  But  there  would  appear  to  be  some  unde* 
fijied  law  in  the  couuection  of  bodies,  with  which  the  specific 
gravity  has  little  to  do.  Thus,  statuary  marble  has  a  specific 
gravity  above  Aberdeen  granite,  yet  a  repulsive  power  not 
much  above  half  the  latter.  Again,  hardncKs  is  not  altogether 
a  characteristic  of  strength,  inasmuch  as  the  limestouei^.wfaiell 
yield  readily  to  the  scratch,  have  ne^'erth^i^  a  rqpidstve 
power  approaching  to  granite  itself. 

It  is  a  curious  fact  in  the  rupture  of  amorphous  ■tonn, 
that  pyramids  are  formed,  having  for  their  base  the  npper 
side  of  the  cube  next  the  lever,  the  action  of  which  displaces 
the  sides  of  the  cubes,  precisely  as  if  a  wedge  had  opemted 
between  them.  I  have,  preserved  a  number  of  the  specfmeiM^ 
the  sides  of  which,  if  continued,  might  cut  the  cubes  in  the 
direction  of  their  diagonals. 

Experimenti  made  on  the  traiuvene  ttrain  of  eatt  bars,  the  emb  loote. 
June^^th,  1817.* 

WeiahtofUiedUt.orWwtqi*.    IN- 

Mn,lh^  OS.  ft.  in.  iivwir. 

l.T*}  Bfir  of  1  inch  8<)nftre 12    6  3  0  jB9T 

136  /Do.  of]  inch  do 9    8  2  8  1086 

137  t  Half  the  aboreb«r 1  4  SBOD 

l:tB  /  Bar  a(  1  inch  sqnare,  Chrou^  the  diagonal         2    8  2  8  fiftl 

i:{U    I  (b.lfthe  above  bar 1  4  IfiSJ 

'  \\m  of  2  inches  deep,  by  \  inch  thick   9    5        2    8        2185 

Half  tlie  above  bar 1    4        45i8 


140  f 

141  \ 


*  A  bar  of  cast-iron,  from  a  Welsh  foundr}',  which  did  not  yidd  twA\j  t» 
Uie  flic,  was  laid  npon  supports  exactly  three  'feet  apart ;  the  \mx  wu  bb  incli 
sqnan%  and  when  308  pounds  were  put  into  a  scale  suspended  from  the  oriddle 
ot  its  length,  the  deflexion  was  fonni  to  be  3-16thi  of  an  inch ;  whence  Ihe 
Iicight  of  tlie  modulus  of  elasticity  is  6,386,688  feet  The  experuneat  wm 
made  by  Mr.  R.  Ebbels,  at  Gamons,  near  Hereford.  A  joist  of  cast>iroi»,  nine 
inches  deep,  resembling  in  form  the  letter  1,  was  laid  upon  supports  19  fotf 
H;)Rrt,  fimt  on  its  edge,  when  the  deflexion  from  its  own  weight  was  3-40tlu  of 
nil  inch.  It  was  then  laid  flatwise,  and  the  deflexion  from  its  own  weigitt  was 
',S\  inches.  The  castings  were  from  Messrs.  Do^vvons'  foundry,  Edgware-road. 
The  iron  3rielded  easily  to  the  file.  TUk  height  of  the  modulus  of  alaillci^ 
according  to  tlie  experiment  on  the 

joist  flatwise  is         5,100,000  feet, 

on  the  edge  is  5,700.000  feel. 

The  deflexion  being  very  small  when  the  joist  was  on  its  edge,  periia|N  It  wu 
not  m-*atured  with  the  necessary  degree  of  accuracy,  as  a  very  small  error 
would  cause  the  diffiRrence  in  the  result.  The  folio  wins  tablet  contains  fhe 
value  of  the  modulus  for  cast-iron,  according  to  the  ezpenmenti  abofe  ■! — ^ 

Height  or  modulus  in  feet.  E>pcrtoentali«M. 

Cast-iron  (Welsh) !. .  6,386.688  TsSwlr^ 

Cast-lmn 3,500,000  Banks. 

Cast-iron,  grey  French 5,095,480  Rondelet. 

Cnst-iron,  soft  do 4,247,000  Rondelet. 

Cast-iron 5.700,000  By  my  trial. 


tt.-, 
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Wrlflif  9/  til*  d<».  ar  iMMina.  Hte 
tMr«t     Ibb  111,        '^ 
!  inchcii  «Ieep»  by  f  inch  thick    ,,......       9  15 

lie  bur .«.. 

Urij.  |,v  t  inch  thick ,       9     7 

with  Uie  anfi^lc  rip  luid  dotrn. 

,..,....-...,, 9  11 

aii^i«  aown, a..*......,       9    7 

the  fintt  bir 

}ir- Mndntid  bar *.«...,...*..*,,       .... 

I  or  J  Imr  ujut  cnfit  whuae  diini;niHlon»  were 

,f  by  2  wiitr 10  0        edjrv  up  t 

UittO 

>«  bun  cootftlticd  l}ie  wme  srei,  though  differ^atly  dbtrihntcd  m 


rt. 

tn. 

»t6i^ 

3 

R 

^.188 

1 

fJft.U 

2 

397 1» 

2 

14:t7 

U 

840 

r 

3fl:»ii 

I 

Kiafi 

3l0o 


Kiyvrimm/'  HWMfe  on  /Ar  bnr  of  A  inchfi  deep  ky  |  inch  thick*  hvf  ghiug  it 
diJcrfntformM,  (he  ltearlng»  at  2  feet  H  inchet,  ut  before, 

Ki  i«.., /....V...1  "frt  «  i(pmi-ellipso,  urelfhed  ,.  ..,*♦., 7        4000 

■  on  it*  luwrr  edge. .•♦*..,.•..••.,«,.  MUQ 

.  i»»"*  d«*ei^  Uy  4  inch  Uiick    ....•....,  ^ S\i7*i 

A'  .>n  the  tran*vtr*e  (ft rain  oflmrt,  one  end  madefojtt,  the  weight 

_,     urpended  at  (he  other,  at  '2  feet  S  inchcx  from  the  bearing. 

Us  As  inch  •<iu«re  bar  bore 280 

IW  *  '    -  "    ■  ■ »   --1-    r>  K.   1  -ninrb  thick    ». 53^^ 

\^:  fjt*t U7a 

'I  I.  I  of  EnicreoQ  was  tried*   wbicH  fttatc*  thut  tiv 

u  uf  J4ii  i;i|uUAt«rttl  truM^ie  (sec  pa^e  IH  of  EnicrMn'ii 
i»  Ktronfrcr  thaa  before,  that  la^  a  part  tttronj^T  thiui  t\k» 
'lUr  fim»  M'cf^i  toou*  At  two  feet  eijrht  inchcR  apart  .1%  beiow.  Tlie  e<l«(qi 
ftWA  irfckJl  U"*  part  Has  iijU'rcrptod  wa*  lowcrraosl,  tho  wcij^hi  ivu-s  apijlied  on 
Iks  hlM  t^bavi^  U  broke  ^rUli  IIU!'  pounds,  wbercaH  in  the  oUier  c-^e  it  bur* 
aalf  §40  pcraada. 

Hemark*  on  the  trumrvertM  strain. 

tttnha  n«»]i'^  hia  bar  iraai  the  rnpobv.  when  placed  on  bcajrings  three  fert 

flHii4rf«atti!tlieefulaloo^^  '    '    -      miWm. 

9km aXi  my  banwereen  >  itp<ihi,i1iedilTerenre  wraa therefore 213  Iba. 

J  m^juIxhI  »  «iiJice  of  tw  >  ii«t'lir«  iisunder,  as  being  more  convenient 

\'^ar  i  1*1"'  ntrrnifih  tti  the  dtfrorent  ban,  all  caars  being  the  lauie, 

..  ihi*  thf^ory,  which  makes  the  crimparatire  rallies  a»  th« 
>'f  the  rirpth».  The  halveH  of  the  baw 
:  i;fy.  The  bar  of  four  inches  d*cp»  h«w- 
iiitU.  It  iH  evident  we  cantiot  rxteiu)  th« 
Ucr.  norduca  tbt  tlioory  exactly  mainiaio 

y 243lhfc 

iguu.-;  >iap«  i«  actnaLly  worac  than  when  laid  09 

llB  tidr,  oontr ' 

tHUTT'  -  -  •'••  -ki  ^i'^   £4£alher-<-cdj|fed  bar  waa  not  ao  strong  at 

#e»i  u  l>ar»  eircrded  the  four-inch  bar»  although  taken  oat  of  It. 

Thm  pamluMt*-  li«i  cajue  near  it. 

The  bar  ni*dr  faist  at  both  etidi.  1  inspect  must  have  yielded,  altbouich  the 
hi-  ,    r    t.      -  -   -     Tlie  expcrimenU  fr  '-  '     -  -^^     n  wild* 

I'  the  time  and  t^^  Miitobt 

'nv   to  reJinqoi*h  t  _  lor  the 

r,  in  the  nlmence  of  beli«r,  they  mrv  mitfiUy  ut  tbie  indul- 

-xicielv.  it  wiU  not  only  bi:  a  coagulation  to  luc  Ihftl  a^ 

q2 


k;...u 
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Im,   hut    «  furtWr  inductmrnt  t" 
:,  which,  rveo  to  the  j>r«»4rDt  *.d 

..Uu...  ul  ■tlditiiiiL. 


The  dcienee  of  construction  U  yrt  iii  iti  rnhncf,  mid 

tainly  requires  many  additions.  Tlic  first  expeHm^i 
the  strength  of  materiaU  appear  t^:»  hnve  been  mttde 
llii*  Royal  Society ;  and  there  can  be  no  doubt  tlmt  a  fill 
able  reception  will  be  ^iven  to  any  others  that  will  tend  tft 
elucidate  a  subject  which  is  likely  to  form  one  of  the  prin- 
cipal branches  of  an  engineer'a  education^  as  b?  T«M'-t  *'ltittf 
proceed  on  the  principle    of  sclenc*»,   or  be    d:  y  i 

feeling  of  fitness,  which  ift  to  be  acquired  only  hj  uevuuagi] 
lifetime  to  the  practice  of  hi8  art. 


1 


lll^   t<lUl    l^ 


flVDRALfUC  ENGINES. 

Applicable  to  all  machines  driven  by 


Uir  I 'in 


€»f  w«tcr ;  conscquentlv  w€  have,  under  the  article  *'  Water 
mUls,*'  already  treated  of  the  most  extensive  br;u    '     '    ' 
luachines.     'rtiose  which  have  now  to  claim  i 
are  »uch  m  could  not   with  propriety  be  hitrc 
that  head,  and  which  are,  upon  the  whole,  oft. 
portancc^  b«>th  with  respect  to  the  conveyance  of  wal 
as  accessions  to  mechanical  combinations,   to   be 
omitted. 

L  Of  all  the  hydraulic  machines  inrentcd  by  the 
though  Archimedes'  screw  is  the  most  curious,  the 
raises  the  greatest  quantity  of  water  at  once. 

It  consbls  of  ;i  great  hollow  whe<^l,  composed!  of  several  ploJiVt  Jc^'ri^^ 
'  i>r,  atic!  well  calked  and    pUcheJ,  forming,  us  its  tmmr 
of  bsffl    or    dnnn^    jinrf    havmt^    an    horiw>nta!    intl^    or 

YiifOft.    Th    ",  ■■■•.:  \ 

■paces  or 

of    ilr      • 


dixtanre  e<k(upr»  tlirough  otiIiccti  into  £«   re^tervoir  pi 
axle  of  lliB  vr\ne\,     TT>»»  rhe  wntrt  i«  elevatrd  thi- 

equal  to  lUe  r.u3ms f^'t?!,     VVhi  i 

raisr  wntor  frtun  :i  il  it  mO' 


.iwiii.nr 


t  of  thu  m:u!itmc  b^ihat  it  ni*^ 
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im 


v*.T\,- iious  situation  i>oi»ibIe  :    ui  ilie  toad  beuij,;  toutisi 
miiy  of  a  ni(iui>i   of  I'lt;  wheel,  the  arm  of  the 
^fl^  '  rs  to  it,  increnses  through  the  i^hole  quadrant  \\\e 

11*1  .■!,   frotu  llie  botloni  of  tlie  wlieel  to  ihf-  altitude  *tf 

ili  c  .  .  .    ..  -.'-.   '.jwer  tnu*t  act  in  like  tniinner  a5  if  it  vrere  applied 

•1 «  ^lAch-^iandie^  and^  consequently,  cannot  act  uniforroly. 

2.  J/,  li^  fa  />iyf,  to  remedy  Uiia  defect^  devi^d  a  mu. 
diine  which  may  here  be  described^  together  with  the  process 
of  reafioning  that  kd  to  it. 

Whieo  we  d<^velope  the  circumference  of  a  circle,  a  curve  Is  desnib«tl 
(t.  c«  the  involute)  ot  which  all  the  radii  are  so  manv  tangents  to  the  circlCj 
Aod  are  likewise  all  respectivdy  perpendicular  to  the  several  pointi  of  the 
g:«nre  d^^cnbed,  which  has  for  its  greatest  radius  a  line  equal  to  the 
pcftpiiery  of  the  circle  CToWed.  The  truth  of  which  is  shown  by  geotnetri- 
cian*  when  treating  of  the  genesis  of  evolule  and  involute  curves. 

H«nce.  fcaving  an  axle  whose  circumference  a  little  exceeds  the  heiphl 

"Vftlikli  th«  water  i»  pru^sed  to  be  elevated,  let  the  circumfereuce  of  the 

be  evolved^  and  make  a  curved  canal  whose  curvature  shall  cotncule 

[bout  exactly  with  that  of  the  inTolute  just  formed :  if  the  further 

lity  of  this  caual  be  made  to  enter  the  water  that  is  to  be  elevated, 

other  extreroiry  ubut  upon  the  shaft  which  is  turned;  then  in  the 

of  the  rotation  the  water  will  rise  in  a  vertical  direction,  tanjrential 

to  ibtt  ihallt,  and  perpendicular  to  the  canal  in  whatever  position  it  may 

1s#«      Ttuj*  tliP  .irintri  of  the  weight  answeriTig  always  to  the  extremity  of  a 

II  be  as  thouj^h  it  acted   upon  tht;  invarinltle  <trtn  of  a 

r  which  raises  the  weight  will  be  always  the  same  :  and 

vjjieel,  of  which  this  hollow  canal  serves  as  u  bent  spok»*, 

1'  r  that  the  water  is  to  be  raised^  and  conicquently  equal 

of  the  axle  or  shaft,  the  power  will  be  to  the  load  of 

s  the  radius  of  a  circle  to  i\s  circumference,  or  directly 

af  J  ri>  oj  many, 

\n  U.dtia  Faye'i  opinion,  the  machicw  ooght  to  be  composed  of  four  of 
••t  einaU :  but  it  has  often  been  constructed  with  eighty  as  r^presentrd 
in  flr,  2t0.  Tlie  wheel  being  turned  by  the  impulsion  of  the  stream  U[hjm 
cbt  WMt^bru !«}>«.  ihr  uriiices  F,  E,  D,  C,  &c.of  the  curvilinear  canals  dip  one 
After  anon  water  which  runs  into  them ;  and  as  the  wheel  revolves 

Ibff  fluw!  TJ  >   umals,  /,  <•,  d,  Cf  &c.  and  nins  out  in  a  stream  P  from 

the  boles  at  U;  it  u  received  into  the  trough  Q,  and  conveyed  from  thence 
fcypjpw. 

By  tills  construction  the  weight  to  be  raised  offers  always 
resiistance,  and  that  the  least  posssible,  while  the 
»r  is  applied  in  the  most  advantageous  manner  the  cir- 
icCH  \iill  admit  of:  tliese  conditions  both  fulfilled  at 
tllC  mnc   time  fiimij^h  the  most  desirable  perfection  tn  a 
*     Further,  this  machine  raises  the  water   by  the 
way,  namely,  the  perpendicular,  or  vertical ;  in  thi» 
retpect  being  preferable   to  Archimedes'  screw,  where  the 
an  mrried  np  im  inclined  path :  and  besides  this,  each 
•'  I  el  empties  aj]  the  water  it  received 

If  the  screw  of  Archimedes  delivera 
r  nmU  portion  of  the  fluid  it  i»  charged  with,  being 
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often  loaded  with  twenty  times  as  much  water  as  is  discharged 
in  OQe  rotation ;  and  thus  requiring  an  enormous  increase  of 
labour  when  a  Urge  quantity  is  intended  to  be  raised  by  it. 

The  nature  and  advantages  of  this  wheel  evince  very  forci- 
bly how  far  the  specnktionB  of  geometers  are  from  being  so 
unfruitful  in  usem  appUcations,  as  is  often  insinuated  by    ; 
practical  men.  t 

3.  The  wheel  just  described  would,  we  think,  be  the  most    \ 
perfect  of  any  that  could  be  employed  for  raising  water,  had    ; 
It  not  the  disadvantage  attending  tlie  tympanum,  which  ii,     : 
that  it  can  only  raise  water  to  the  height  of  its  semtdiaraeter. 
As  in  many  caseii  water  is  to  be  raised  liiglier  than  the  radius 
of  any  wheel  can  well  be  made  for  practice,  wc  shall  next 
describe  a  machine  called  the   Noria,  common  in  Spain, 
which  raiises  water  nearly  through  a  diametiT. 

This  Noriu  consists  of  a  vertical  wheel  of  20  feet  diameter,  on  the 
circumference  of  which  arc  Axed  a  number  of  little  boxes  or  square  buckcU<y 
for  the  purpose  of  raising  the  water  out  of  the  well,  communicating  with 
the  canal  below,  and  to  empty  it  in  a  rewrvoir  above,  placed  b]^  the  side 
of  Ui9  wheel.  Tlic  buckets  have  a  lateral  orifice,  to  receive  and  to  dis- 
charge the  water.  The  axis  of  this  wheel  is  embraced  by  four  small 
beams,  crossing  each  other  at  right  angles,  tapering  at  the  extremities, 
and  forming  ei^ht  little  arms.  This  wliecl  is  near  the  centre  of  the 
horse-walk,  contiguous  to  the  vertical  axis,  into  the  tup  of  wliich  the  horsc- 
beam  is  fixed ;  but  near  the  bottom  it  is  embraced  oy  four  little  beams, 
forming  eisht  arms  similar  to  those  above  described,  on  the  axis  of  the 
water-wheel.  As  the  mule  which  they  use  goes  round,  these  horizontal 
arms,  supplying  the  ulace  of  co^s,  take  hold,  each  in  succession,  of  those 
arms  which  are  fixed  on  -the  axis  of  the  water-wheel,  and  keep  it  in 
rotation. 

This  macbioe,  than  which  notliing  can  be  chei^er,  throws 
up  a  great  qnantity  of  water;  yet  undoubtedly  it  has  two 
defects:  the  first  is,  tluit  part  of  the  water  runs  out  of  the 
buckets  and  falls  back  into  the  well  after  it  has  been  raised 
nearly  to  the  level  of  the  reservoir :  the  second  is,  that  a 
considerable  proportion  of  the  water  to  be  discharged  is 
raised  higher  than  the  reservoir,  and  falls  into  it  only  at  the 
moment  when  the  bucket  is  at  the  highest  point  of  the 
circle,  and  ready  to  descend,  lliese  inconveniences  are  both 
remedied  by  the  contrivance  mentioned  in  the  next  paragraph. 

4.  The  Persian  wheel  is  a  name  given  to  a  machine  for 
raising  water,  which  may  be  turned  by  means  of  a  stream 
A  B  acting  upon  the  wheel  C  D  £  according  to  Uie  order  of 
the  letten);  (fig.  210.) 

The  buckets  i^«,a,a,  &c.  instead  of  beitig  firmly  fiutune<1,  are  kmng  upon  tlie 
wheel  hy  strong  pjns,  b,  b,  6, 6,  &c.  fixed  in  the  side  of  the  rim ;  which  must 
he  made  as  higQ  as  the  water  is  intended  to  be  raisinl  alH»vc  tho  levol  of  t^at 
|«art  of  Hic  sircftm  is  which  the  wheel  is  placed.     As  tl|c  wheel  turn?,  the 


ou  the  right  hiwd  ){0  down  into  tlve  water,,  yphcre  they  are  tTlled* 
full  on  lli«  Ifcft  hand,  ul!  thfV  come  to  liie  lop  ut  K ;  where 
imat  the  end  n  of  the  fixed  irough  M,  by  vrhidi  they  Jtre 
enip<y  il*e  wjuec  into  the  trough;  irom  Ashance  it  i»  to  be 
/ed  in  pipe*  to  any  plact*  it  is  intended  for  :  and  as  each  biick€t  i;et<a 
the  trough,  ii  fulls  tnio  a  perpendicular  po«^iLton  ag^n,  and  so  goes 
empty  till  it  comes  to  the  water  at  A,  where  it  is  hJkd  as  before,  On 
"  t^i  is  a  spring,  r,  which  going  oter  the  top  or  crown  of  the  bar  ?» 
rough  M)  raises  the  bottom  of  the  bucket  above  the  level  of 
so  causes  it  to  empty  all  its  water  into  the  trouy^h, 
lu  ueariimie  the  due  lelatioii  of  the  power  and  the  weiyht  so  that  thin 
may  be  capable  of  producing  the  greatest  effect*  die  following  muy 
be  taken  as  a  good  approxiujation.  After  havine  fixtd  the  diawtlKr  of  liic 
wiuch  must  be  something  greater  than  Uie  altitude  to  which  the 
is  to  be  raided;  fix  also  upon  au  even  number  of  buckets  to  be  hun^; 
4t  «qua]  distanced  round  the  periphevy  of  the  wheel,  and  mark  the  position 
qf  their  centres  of  motion  in  such  a  manner  that  they  will  stand  m  cotrcj»- 
BMkfmK  pi>silion5  in  every  quarter  of  the  circle :  conct'ive  vertical  lines 
anwn  ihrouffh  the  centre  of  motion  of  eacli  bucket  in  the  rising  part  of  iha 
^r}»t .  •  "  '     I  '    '         terofthe  wheel  in  points  at 

whr  inish  the  same  resistance  to 

tfttt  '"VT  .^>  .  .  ...  ilieir  respective  places  on  tlic 

nni  Thus,,  5u;  re  were  IB  equidistant  buckets; 

dH  1  1/  oil  tfjicli  ■  -  tical  diiuieter  of  the  wheel  there 

wc  <  :i ',  ii    <  I  fu  r  side,  and  two  would  coincide  with  th9>t  diameter : 

in    I  .   rr  Ml  aurcanMng  from  all  the  full  buckets  would  be  the  same 

as  if  ou*  bucket  liun'^^  on  the  prolongaiion  of  the  horiiOMtal  diameter  at  thtj 
dbt«nr»'  of  9  Hin  ^O*^  t-  2  sin.  40*^  +  2  iin.  60°  +  2  sin.  8t>^,  these  bemg 
llu  iimoa  radius  of  the  whfel. 

iitily  of  water  that  each  bucket  iihould  contain,  take  |  of 
tbr  I  Mice  of  the  strcajn,  that  is*  j  of  the  weight  of  the  prism  ol 

MfAU  :    ^\  ^    ..  base  is  the  surface  of  one  of  the  float-boards*   and  whoia 

hri;l;t  ;.  w    '  +'«  ■ 1'  '-^^hich  watef  musi  fall  to  acquire  the  velocity  of  the 

;  .    Ml      -.,  !  jjower  that  should  be  in  equilibrio  with  the  weight 

o<  u  in  t   u!  );  of  the  r»!ving  semicircle.     Tljcn  say»  as  the  nam  of 

the  Mnc»  meuuoned  above  is  to  nidius,  so  is  tlie  power  iust  found  to  a 
ivuxill  term,  the  half  of  which  will  be  the  weight  of  water  that  ought  to  be 
nedi  it)  oue  bucket.  Lastly,  as  the  velocity  of  tl»e  wheel  will  l)C  to 
'  the  stream  nearly  as  1  to?  J,  the  quantity  of  revolutions  tt  makes  in 
drtemttnttte  time  becomes  known,  and,  by  consequence,  the  quanlity 
"Valer  the  wheel  will  mise  in  the  same  time ;  sini*  we  know  tlic  cupacity 
^•ach  bucket,  &nd  the  uumber  of  Uiem  emptied  in  every  revolution  of  tl)e 


^.  Aucythet  contrivance  for  nutting  water  similar  to  the 
kio-fmtiipy  which  is  descrihcd  in  another  part  of  the  work^ 
k  Ul  endless  rope  with  stuffed  cushions  hung  upon  it,  which, 
ty  means  of  twu  wheels  or  drumB,  are  caused  to  rise  In 
nMeemon  in  the  sniiie  harrel,  ;uid  to  carry  w&ler  with  them. 
Fr4»D  the  retemblance  of  this  appiuriittii^  to  a  string  of  beads, 
ii  m  uf  Qftlly  called  paimMnter-work.  But  in  this,  as  well  aa 
the  ctialn-pump,  the  magnitude  of  the  friction  is  a  formidably 
prai^icid  objection. 

(5.  Jctii  and  fountunn  aiw  not  now  considered  as  conducive 
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to  picturesque  jbeauty ;  nor  can  they  be  reckoned  of  mud| 
utilitVy  except  perhaps  in  hot  climates  3  we  have  not  there- 
fore described  any  in  this  work.  But  in  the  fountdn  ci  Hiero 
of  Syracuse,  a  principle  is  introduced  which  has  been  found 
of  great  utility  in  larger  works ;  for  the  head  of  water  is' 
actually  lower  than  the  orifice,  but  the  pressure  is  communi- 
cated by  the  intervention  of  a  column  of  ur :  the  constructioQ 
of  this  fountain  is  as  follows: 

It  consists  of  two  vessels  K  L  M  N'(fig.  212)  and  O  P  Q  R,  which  are  dose 
00  all  sides.  A  tube  Afi,  having  a  funnel  at  the  top,  passes  through  the 
uppermost  vessel  without  oommunicatlng  with  it,  being  soldered  into  its  top 
and  bottom.  It  also  passes  through  the  top  of  the  under  vessel,  where  it  is 
likewise  soldered,  and  reaches  almost  to  its  bottom.  This  tub«  is  onen  at 
both  ends.  There  is  another  open  tube  S  T,  which  is  soldered  into  tne  top 
of  the  under  vessel  and  the  bottom  of  the  upper  vessel,  and  reaches  almost 
to  its  top.  These  two  tubes  serve  also  to  support  the  upper  vessel.  A 
third  tube  G  F  is  soldered  into  the  top  of  the  upper  vessel,  and  reaches 
almost  to  its  bottom.  This  tube  is  open  at  both  ends,  but  the  orifice  G  is 
very  small.  Now  suppose  the  uppennost  vessel  filled  with  water  to  the 
height  £  N,  £  e  being  its  surface  a  little  below  T.  Stop  the  orifice  G  with 
the  finger,  and  pour  in  water  at  A.  This  will  descend  through  A  B,  and 
compress  the  air  in  OPQR  into  less  room.  Suppose  the  water  in  the 
tinder  vessel  to  have  acquired  the  surfiu^e  C  e,  the  air  which  formerly 
occupied  the  whole  of  the  spaces  OPQR  and  K  L eE  will  now  be  con- 
tained in  the  spaces  oPcC  and  RL«£;  and  its  elasticity  will  be  in 
^uilibrio  with  tne  weight  of  the  column  of  water,  whose  base  is  the  surihoe 
£  0,  and  whose  height  is  A  c.  As  this  pressure  is  exerted  in  every  part  of 
the  air,  it  will  be  exerted  on  the  surface  £  e  of  the  water  of  the  tipper 
vessel ;  and  if  the  pipe  F  G  were  continued  upwards,  the  water  would  be 
supported  in  it  to  a  height  e  il  above  £  e,  equal  to  A  c.  Therefore,  if  the 
finger  be  now  taken  from  off  the  orifice  G,  the  fluid  will  spout  up  through 
it  to  the  same  height  as  if  it  had  fallen  through  a  tube  whose  altitude  is 
c  H.  So  long  as  there  is  any  water  in  the  vessel  KL  N  M  there  will  be  a 
discharge  through  the  orifice :  therefore  the  play  of  the  fountain  will  con- 
tinue whilst  the  water  contained  in  the  upper  vessel,  having  spouted  out, 
falls  down  through  the  pipe.  A  B :  the  height  of  the  water  measured  from 
the  basin  V  A  W  to  the  suiiface  of  the  water  in  the  lower  vessel  OPQR 
is  always  equal  to  the  height  measured  from  the  top  of  die  jet  to  the 
surface  of  the  water  in  the  vessel  K  LM  N.  Now,  since  the  sur&ce  E« 
is-  always  falling,  and  the  water  in  the  lower  vessel  always  rising,  the 
hoicht  of  the  jet  must  continually  decrease,  till  it  is  shorter  by  the  depth 
of  KLMN,  which  is  empty,  added  to  the  depth  of  OPQR,  which  is 
always  filling;  and  when  tiie  jet  is  fallen  so  low,  it  immediately  ceases  to 
play. 

7.  A  machine  designed  to  raise  water  to  a  great  height  for 
the  irrigation  of  land^  in  such  situations  as  have  the  advantage 
of  a  small  fall,  is  described  in  Dr.  Darwin's  Phytologia:  aa 
it  depends  on  the  principle  of  Hiero's  fountain,  it  may  pfOi 
perly  he  inserted  here. 

Fig.  21 1 ,  a,  A,  is  the  stream  of  water. 

Pf  c,  c,  represents  the  water-fidl,  supposed  to 'be  10  feel. 
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y^iff  A<'f  A*  A  Are  Ifracic:!  vi.N..«.eLs.  ti.icii  iuiluin^  alH>ut  i\%o  (juaits. 
6,p,  tT»o  cocks,  each  of  which  p;iN>e>  tiirough  two  pHH>s.  oponing  iho  oii« 
axid  closing  the  other. 

f 9  r,  is  a  iral«rv4a/(iiii<.v,  tlat  moves  oii  its  centre  t,  and  by  which  tho 
^'«vo  cocks  o  andp  are  alteroately  turned. 

t,  m,  9Dd  tc,  Jt,  are  two  air-pipvs  of  lead,  Ixnh  iuicinalh    U   inch  iu 
diameter. 

fhx  i  3ft  s;  tf,z  ;  are  water-pipes,  each  Xmnf,  one  inch  in  dianictor. 

The  pipe  b^e,  c,  is  always  full  from  the  stn-ain  a^b:  the  small  cistrriis 

49^,1,1,  and  the  large  one  </,  are  supposed  to  have  been  prvviou.sly  tilled  with 

"Water.    The  fluid  may  then  be  admitted  by  turn ini;^  the  cock  (i.'thnmi>h  the 

l(>ipe  e,  e,  into  the  large  cistern  c.    This  water  will  ])re4s  the  air  confined  in 

t.lie  astern  c  up  the  air-pipe  w,  .r,  and  will  fitrce  the  tluid  nut  of  (he  cisterns 

.£r,i,J^  into  those  marked  A,  A,  and  C. — At  the  same  time,  by  o|H>nin};  H,  the 

'^vaier  and  condens(:d  air,  which  previously  existed  in  the  hujje  cistern  rf, 

^»d  in  the  smaller  ones  marked  /,  A,  k,  will  be  discliur^^'d  at  H.     AtU>r  a 

^iKKt  time,  the  water-balance,  9,  r,  #,  will  turn  (he  cocks,  and  exclude  the 

"vvaier,  vrhile  it  opens  the  opposite  ones :  tlie  cisterns  f.  A,  A,  are  emptied  in 

iheir  turns  by  the  condensed  air  from  the  cistern  </,  as  tlie  water  progicssivety 

^nteis  the  latter  from  the  pipe  b,  c. 

B.  A  very  ingenious  application  of  the  same  principle  Ikih 
l)een  made  in  the  celebrated  Hungarian  machine,  at  Chenmit/. 
Tlie  best  account  we  have  been  able  to  obtain  of  this  is  the 
follovriug : 

In  fig.  213,  A  represents  the  source  of  water  clcva((>fl  l.tO  fer'(  alM)VR  tlm 
>wutb  of  the  pit.  From  this  there  runs  down  u  pipe  1>  of  four  inclifw 
diaiBitfrr,  twhicnenters  the  top  of  a  copper  cylinder  Ii,Bi  feet  hii{h,  5  feet  dia- 
iic-ter,  and  3  inches  thick,  and  reaches  to  within  4  inches  of  (lie  Iwttoin : 
>i  has  a  cock  at  I. 

This  cylinder  has  a  cock  at  Q,  and  a  very  large  one  at  N.  From  i(K 
top  proceeds  a  pipe  V£C,  two  inches  in  diameter,  which  goes  00  fei-t 
ilown  the  pit,  and  is  inserted  into  the  top  of  another  brass  cylinder  (\  which 
^  6§  feet  uigh,  fijur  feet  diameter,  and  two  inches  thick :  the  latter  eontain- 
N>V  sboot  83  cubic  feet,  which  is  nearly  one  half  of  the  capacity  of  the 
^mcf^  vis.  170  cubic  feet.  There  is  another  pi|>e  VO  of  four  inches  diu- 
iBHer,  which  rises  from  within  four  inches  of  the  lx>ttom  of  tin  i  lower 
cylinder,  is  soldered  into  its  top,  and  rises  to  the  trough  /which  c:irrie>  ofl' 
^^  water  from  the  mouth  of  the  ])it.  litis  lower  cyliruler  rommuiiic  :it«: .  at 
'he  bottom  with  the  water  (I,  which  coHer.is  in  the  drains  nf  the  nnni-n.  A 
'vi.'e  cock  P  serves  to  exclude  or  admit  this  water :  another  cock  M  :it  tin; 
top  of  thb  cylinder  communicates  with  the  external  air. 

Now,  suppose  the  cock  1  shut,  and  all  the  rest  ojk'M  :  the  up|>4:r  rylii-(j<  r 
•ill  contain  air,  and  the  lower  cylinder  will  lie  filW<l  \%ith  watei,  Ik'c.hisi:  it 
issnnk  so  deep  that  it«  top  is  below  the  usual  surface  of  the  mine-watir-i. 
%ttt  the  cocks  Q,  N,  M,  P,  and  oijen  the  cock  I.  The  wai»T  of  the  wiurM: 
.4  most  ninio  by  the  orifice  .1,  and  rise  in  the  iipfier  cylinder,  f:om|ire>«iiii'/ 
the  air  above  it  and  alonz  the  pipr:  V  K  C  and  thus  a/:tiii(?  on  th«^  ^iirfare 
of  IM  vaterin  the  lower  cylinder.  It  will  therefore  cau«<'  it  to  risf  if  rvlually 
m  the  pipe  OF,  where  it  will  alway<>  le  of  such  h  hei'.-ht  tiiat  iis  w«r/hi 
haJance*!  the  elasticity  of  the  comprfs^jcd  air.  Sujip'.se  no  .«-«i*;  v.t^*u  lo 
:fc»  air  fn-m  llie  up|ier  rjllnder.  it  would  be  compre**e'l  int'i  on*-  hfth  of  iti 
't*ilk  >•>    tne  ccluuin  of  MiO  leel  hi.-ii:  tor  a  column   '(  :jl  fM.t   r.';ifly 
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balances  the  ordinary  elasticity  of  the 'air.    Therefore,  when  there  is  nn 
issue  given  to  it  through  the  ]>ipe  VKC,  it  will  drive  the  compreased  ai^ 
along  this  pipe,  and  it  will  exi>el  water  from  the  lower  crlinder.    Whtff 
the  upper  cylinder  is  full  of  w  ater,  there  will  be  34  cubic  icet  of  wiler 
expelled  from  the  lower  cylinder.     If  the  pi',x>  O  P  had  been  more  thia 
136  feel  long,  the  water  would  have  risen  13u  lutt,  bein^then  in  equiUhiio 
with  the  water  in  the  feediiii;  pipe  D  by  the  inten'ention  of  the  elastic  air; 
but  no  more  water  would  have  been  expelled  from  the  lower  cylinder  thia 
what  filU  this  pipe.     But  the  pi]ie  beini;  only  96  feet  high,  the  water  will 
be  thrown  out  at  Z  with  a  considerable  velocity.    If  it  were  not  for  tlie       ' 
great  obstructions  which  water  and  air  must  meet  with  in  their  nassase       f 
along  pipes,  it  would  issiie  at  Z  with  a  velocity  of  mure  than  50  feet  per 
second.    It  issues  however  much  more  slowly,  and  at  last  the  uj^ 
cylinder  is  full  of  water,  and  the  water  would  enter  the  pipe  V  £  and  enter 
the  lower  cylinder,  and,  without  dispbcing  the  air  in  it,  would  rise  througli 
the  discharging  [nne  O  P,  and  run  off  to  waste.    To  prevent  this  thne 
liangs  in  the  pipe  V  K  a  cork  Ixill  or  double  cone,  by  a  brass  wire  which 
is  guided  by  holes  in  two  cross  pieces  in  that  pipe.     When  the  upper 
cylinder  is  filled  with  water,  this  cork  plugs  up  the  orifice  V,  and  no  water 
is  wasted ;  the  influx  at  J  now  stops.    But  the  lower  cylinder  contains  com- 
pressed air,  which  would  balance  water  in  a  dischanring  pipe  136  feet  high, 
whereas  O  P  is  only  96.    Tlicreforo  the  w^ter  will  coniinue  to  flow  at  Z  till 
the  air  has  so  far  expanded  as  to  balance  only  96  feet  of  water,  thai  is,  till 
it  occupies  ooe-half  of  its  ordinary  bulk,  that  is,  one-fuurth  uf  the  capacity 
of  the  upper  cylinder,  or  42i  cubic  feet.    Therefore  42^  cubic  feet  will  be 
expelled,  and  the  efflux  at  Z  will  cease ;  and  the  lower  cylinder  is  about 
one-half  full  of  water.    When    the  attendinc   workman    observes  this, 
he  shuts  the  cock  I.     He  might  have  done  this  before,  had   he  known 
when  the  orifice  \'  was  stopped ;  but  no  loss  ensues  from  tlie  delay.    At 
the  same  time  the  attendant  opens  the  cock  N  the  water  issues  with  great 
violence,  being  pressed  by  the  condensed  air  from  the  lower  cylinder.    It 
therefore  issues  with  the  Kum  of  its  own  weight  and  of  this  compression. 
These  gradually  decrease  to(;ether,  by  the  efflux  of  the  water  and  the  expan- 
sion of  the  air;  but  this  efflux  stops  before  all  the  water  has  flowed  out;  for 
there  is  42§  feet  of  the  lower  cylinder  occupied  by  air.    This  quantity  of 
water  remains,  therefore,  in  the'upper  cylinder  nearly :  the  workman  knows 
this,  because  the  disoharsed  water  is  received  first  of  all  into  a  vessel  con- 
taining three-fourths  of  the  ci^pacity  of  the  upper  cylinder.     Whenever  this 
is  filled,  the  attendant  opens  the  cock  P  by  a  loni;  rod  which  goes  down 
the  shall ;  this  allows  the  water  of  the  mine  to  fill  the  lower  c}-iinder,  and 
the  air  to  get  into  the  up]X!r  cylinder,  which  |)ormits  the  remaining  water  to 
nm  out  of  it.    Thus  every  thing  is  brought  into  its  first  condition ;  and 
when  the  attendant  sees  no  more  water  come  out  at  N,  he  shuts  the  oocks 
N  and  M,  and  o^kxis  the  cock  I,  and  the  operation  is  repeated. 

There  is  a  very  surprising  appearance  in  the  working  of  this  engine. 
When  the  efflux  at  Z  has  stopped,  if  the  cock  Q  be  opened,  the  water  and 
air  rush  out  together  with  prodigious  violence,  and  the  drops  of  water  are 
diaiiged  into  hail  or  lumps  of  ice.  It  is  a  sight  usually  shown  to  sliangen, 
who  are  desired  to  hold  their  hats  to  receive  the  blasts  of  air:  the  ice  cones 
out  with  such  violence  as  frequently  to  pierce  the  hat  like  a  pistol  bullet. 
Tiiis  rapid  congelation  is  a  remarkable  instance  of  the  general  fact,  that  air 
by  suddenly  expanding  generates  cold,  Ks  capacity  for  heat  being  increased. 

T!io  aUive  account  of  the  procedure  in  working  this  engine  shows  UiaC 
III*-  ffflux  hiith  Hi  Z  and  N  becomes  very  slow  near  the  end.  ft  is  found 
t-nviinenl  ilitrefore  not  to  wait  lor  the  compleU?  dlKchar-^cs,  but  to  Inm 
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thtCKks  «ben  aiiouL  30  cubic  feet  of  water  bave  beeu  discUsu^  u  X: 
mate  woHl  is  done  to  tiib  way.     A  gentleman  v*"    -   •  '^.  r  -  -  r  — 1 1  „,,.,., 
ln%eo>ftbc»e  subjects  took  the  trouble  of  ti. 
faiiMWicr  of  the  nutchiiu;.     lie  obsenred  that 
riHii,  IooJl  up  About  three  minutes  oud  one-etuhtu;  $iitfi  that  u 
of  mUer  ii««  diiich%rgt«d  at  Z,  ind  <>t3  were  eitpendrd  at  N.     1 1 
Ifctrefore  b   66  feet   of  water  taltrng  136  feci,   ami   die   p«rfuimiii>oe   i^ 
Drvaaed  06^  and  tiiey  arc  iu  ibe  proportion  of  66  y  136  to  ."l?  »  fltf ,  <vr  Af 
t  It.  nearly  as  3  to  1.     This  is  superior  io  the  |.r  ,. 

ttc»t  ider»hot  idjU,  even  when  all  fricilou  and  inii_ 

am  t«cri;icLi.«:ii ;   knd  is  uot  much  inferior  to  any  ovitnhot  j**)  e 

liM  jct   Ijecfi  erected.     Whtu  we  reflect  on  the  fl:rtat  ab>lrui  i 

mUi-  mi*i-ts  with  m  its  passaije  through  long:  pipet^,  w»^  m;iv  i 
l)tii<  nif  the  siie  of  the  feeder  and  dischar^r,  the  y>pi  i« 

tkut  i  sv J U  be  greatly  im proved  ;  we  do  not  he&itate  to  s  i  i 

«ouki  be  incre4»ed  ontvthird ;  it  is  true  that  it  will  expend  tnotc  v^  i  i  , 
,,  jiet  ttug  will  not  hp  r\t-<\r\y  iuthe  same  |>fo|v>ption,  for  most  of  Oie  d^tu  m  ;  '  s 
^^^^  oni  the  D(   '  ity  of  the  tirat  vftiux  ut  /. 

^^^^B  •  at  to  bo  1  'i  .  aitd  not  ytve  ^en^ihty  W^n 

^^^^■|M^^ni  n    II   [,iir-t    nf  con"!!*'!    '   t  ii  hi'ior  in  ori{:itt:iJi  e?(pr<nse  thiii 

^^^^^^^^■K:hi>t6^  inii^t  hp  to  I      kind  whic))  would   raise  Ki  (iihtr 

^^^H^JHbfrl  hueh  m  a  unniue;  aiii]  ii  'U  small  the  repairs  on  it  nred  !*<> 
wLcn  compared  w  ith  u  nnll.  And,  lai^tly,  let  it  be  noticed,  thai  such  a 
mmiun<c  *-  iTi  W  i»«njd  wheri?  no  uull  whatever  cun  be  put  iu  mutton.  A 
•au^  f  wairr,  which  would  not  mo^'e  any  kind  of  wheel*  will  hcte 

na»t  I  of  itB  owu  ^uamh)  to  the  &amc  beigJtt,  woxkui;;  tu  fu»(  ixa  it 

For    lbe«e    reasons,   the    Hungarian    machine   eminently 

«rw  the  attention  of  mathematicians  and  cn^iiietr!*^  tii 
it   to   it»  utmost  perfection,   and   into   general    u»e, 
are  liitnations  where  this  kintl  of  machine  may  be  very 
.     Tlius,  uherc  the  tide  rises  17  feet,  it  may  hf^  niscd 
'"•—  ssing  air  to  Beven-eighths  of  its  bulk  ;  and  a  pipe 
leu  ti  a  ver)'  large  vessel  inverted  in  it  may  he  tittetl 

Cor  mif^irii^  the  Mater  frt>tn  a  vessel  of  one-eighth  of  it*i 
dpaclty  17  f^<*t  high  ;  or  if  tliis  vessel  hai?  only  <me-teiill»  of 
tbe  nf^»e\ty  of  the  large  one  j5et  in  the  tide-way,  two  pipes 
uuy  be  led  froin  it,  one  into  the  small  vessiel,  and  the  other 
bit<i  an  equal  vessel  \(i  feet  Iiigher,  which  receives  the  water 
ISroiii  tJ»c  fifit.  Thus  one-sixteenth  of  the  water  niay  be  nii*ed 
M  kffi,  atid  a  ^nmller  tiuantity  to  a  still  greater  height ;  and 
•Ml  with  a  kind  of  power  that  can  hardly  be  applied  any 
her  way.  Machines*  of  this  kind  aie  deticribcd  by  t>chottu», 
.'til  V      Kild,  and  other  old  writers;  and  they  should 

ii«:  I,  becau&e  oppt»rtunitie«i  may  offer  01  making 

Us-  ial. 

'  it  ley  Roswell  has  devwcd  an  aj>p«ratii» 

wKi  u  uiiachr*  a  iiiAcbinc  ati  that  at  Chcmtiif/ 

m^ii  <     U   to   '  «lf   witlu>ut    iiilendance.      The 
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dencriptiou  of  this  i^  be  preaented  to  the  reader  in  Mr  Bos« 
well's  own  words. 

Fig.  213.    A  is  the  reservoir,  or  upper  level  of  water. 
By  a  chamber  made  of  sufficient  strength  to  bear  the  internal 
of  a  column  of  water  the  height  of  A  above  it,  multiplied  by  its  own 

C,  a  chamber  of  tlie  same  strength  as  B,  but  of  a  smaller  siie ;  it  is  plaeed 
at  the  bottom  of  the  pit  from  which  the  water  is  to  be  raised,  and  under  tht 
level  of  the  water. 

These  chambers  would  be  stronger  with  the  same  materials,  if  of  a 
globular  or  cylindrical  form ;  but  the  square  shape  is  used  in  the  diawiig 
merely  for  the  facility  of  representing  the  position  of  the  parts. 

D,  a  pipe  from  the  reservoir  A  which  passes  through  the  top  of  B  ud 
ends  near  its  bottom,  to  convey  water  from  A  to  B. 

£,  a  pipe  from  the  top  of  B  to  the  top  of  C,  to  convey  air  from  B  to  C 

F,  a  pipe  from  the  bottom  of  C  to  the  level  of  the  ground  at  the  top  of 
the  pit,  to  carry  off  the  water  from  the  pit. 

G,  a  pipe  from  the  bottom  of  B  to  carry  off  the  water  from  it. 

H,  a  vessel  to  contain  the  water  used  in  working  the  cocks;  it  if 
only  placed  on  the  top  of  B  to  save  the  construction  of  a  stand  on  purpoM 
for  it. 

I,  a  cock,  or  movable  valve,  (worked  by  the  lever  there  represented,)  in 
the  large  pipe  D. 

K,  a  stop-cock  in  the  small  pipe  which  conveys  water  from  D  to  H.  Its 
use  is  to  make  the  engine  work  faster  or  slower,  by  letting  water  more  or 
less  quick  into  H ;  or  to  stop  it  altogether  from  woikine  when  required. 

J<,  a  movable  valve,  or  cock  in  the  small  pipe  £  K.  The  lever  whidi 
works  it  is  connected  by  a  strong  wire  with  tne  lever  which  woika  I, 
and  is  balanced  by  a  weight  at  its  opposite  extremity,  sufficient  to  opea 
both  these  cocks  and  shut  N,  when  not  prevented  by  a  counter  weight. 

N,  a  cock  in  the  pipe  G  to  open  and  shut  it  as  wanted, 

O,  a  self-moving  valve  in  the  pipe  F,  which  permits  the  water  to  ptM 
upwards,  but  prevents  its  return. 

P,  a  self-nioving  valve  at  the  bottom  of  C,  which  permits  the  water  to 
pass  into  C,  but  prevenU  any  from  passing  out  of  it;  it  is  fumidied  with  a 
grating,  to  prevent  dirt  getting  in. 

II,  a  vessel  suspended  from  the  levers  of  I  and  L,  capable  of  contaiiung 
a  weight  of  water  sufficient  to  shut  them. 

S,  a  vessel  suspended  from  the  lever  of  N :  it  must  contain  water 
by  its  weight  to  open  N :  it  is  connected  by  a  chain  to  R,  to  keep  it  i 
as  long  as  N  is  open. 

T,  a  syphon  passing  from  tlie  bottom  of  H,  near  its  upper  edge,  and 
down  again  to  the  mouth  of  R. 

V,  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the  water  in  B 
comes  up  to  it,  and  close  the  pipe  E ;  into  which  no  water  would  else  paat 
from  B.  A  ball-cock,  suph  as  used  in  common  water  cisterns,  would  do 
here. 

X,  a  syphon  from  the  bottom  of  R  rising  within  an  inch  of  its  top,  and 
passing  down  again  to  the  mouth  of  S. 

y,  a  sii&all  pipe  at  the  bottom  of  S ;  this  may  have  a  stop-cock  to  regulate 
it,  which,  when  stopped,  Mill  also  stop  the  engine. 

Tlie  mode  of  this  engine's  working  is  as  follows :  suppose  the  vrsnels 
V,  H,  R,  and  S  empty  of  water,  and  the  cocks  K  and  Y  open,  and  the 
vessel  C  full  of  water.  The  weight  on  the  lever  of  L  will  then  open  the 
cocks  L  and  J,  on  which  the  water  from  A  will  flow  into  B  and  11.    As 
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mwaUt  tidw  In  B,  ii  will  forct*  ih€  »r  through  E  into  C>  wluch  strongly 
irs^iftf  riR  T*if   vriitcr  in  C.  witl  forrfj  il    uf  ilifrmdi  the  pipe  P,  ttll  tke 

^ehtime  H  will  be  fuU 

d  by  Ihe  cock  K,)  aiul 

T  iiilo  the  vcijiiel  R,  whicit 

ujv  tijiir^  uuler  roming  into 

*    naier  u  '  '    n  X,  wliJcll 

1 1  «mptie»  J;  N  open  a» 

tng  so  reguUt^l  by  the  cock  K,) 
S  will  also  b«  empty,  which  will 
n  XMK  cocks  i  iiud  L  to  up«n«  and  all  things  will  be  again  in  the  ettte 
vB^nLX"*!^!,  for  n  rfq;ietitfon  al  the  operation*  tfe^cnb^d. 

^  al  K  and  Y  should  be  shut,  while  S  i«  full 
they  should  be  open;  «.nd  this  i«i  afl  the 
?  ■'  no  one  but  au  enq^ineer  should  ii» 

ch  ! J,  it  was  useless  to  reprf^jcni  lilt  ^' 

Llir  n.iciies    or  otherwise,  or  the  proper  tnemuus  of 

ui  •  [iflLitx,  which  are  alt  well  known  to  Bucii  as  liuve 

til...    .-..-u.,. 

5,  of  the  New  Series  of  Nicholson's  Journal,  Mr. 

ikicwi:.!^  !  If  some  further  improvements  in  the  applica- 

lioo  of  t  ^lu'ian  machine. 

1(1.  Tbc  sptrul  pump  is  a  very  curious  hydmulic  eu^liM', 
^hkh  operates  on  nearly  the  same  principle  an  the  Hungarian 
The  first  engine  of  this  kind^  of  which  we  have 
"-count,  was  in%'ented  and  erected  by  H.  Andreas 
\\  i  pLate^  worker  of  Zurich^  at  a  dye-houfie  in  Limniat, 

[in  tiir  vicinity  of  t '  :  *!  v.  It  consists  of  a  hoUow  cylinder, 
'fikc  a  rery  large  .  ue,  turning  on  a  horizontal  axis,  and 

paftly  plimgfci  \u  ;v  ii&tern  of  water.  The  axis  is  hollow  at 
dor  mrl,  p»nri  rnrnnnini rates  with  a  vertical  pipe.  Tliis  cylin- 
drr  '  d  uito  a  spiral  canal,  by  a  plate  coiled 

•tp  •  main  spring  of  a  watch  in  its  box;  only 

the  !>pires  at  a  dist;uice  from  each  other,  so  as  to  form  a 
.-.,r.ir.'t  C.f- the  water  of  uniform  width.  This  spiral  partition 
(I  to  the  two  ends  of  the  cylinder,  and  no  wniter 
iM  Iwecn  them.  The  outermost  turn  of  the  spiral 
ito  widen  about  liiree- fourths  of  a  circainferewce  from 
'  "  '  .ntdtial  eulargenient  continues  nearly  a 
I  being  called  the  horn  :  il  tbeit  wtdeus 
1  ;i  scoop  or  shovel.     The  cylinder  is   »«» 

shovel  may,  in  the  course  of  a  n>tatii»n, 
fii^'»  mto  the   water.     As  the  cylinder  turn* 

up^,.  >**?>  dips  and  takes  up  u  certain  quantity 

jrs  agam.     This  quantity  is  sufficient 
:;ram  is  nearly  equal  in  capacity  to 
.1  round. 
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After  Uie  scoop  Is  emerged,  the  water  pasucs  along  IJ 
spiral  by  tJie  motion  of  it  round  the  axis,  luiti  firivt?»  the 
before  it  into  the  rising  pipe,  where  it  escape*.     In  the 
titne^  air  comes  itito  tlie  mouth  of  the  s^eoop ;  and  vrhi 
seoop  again  dips  into  the  water,  it  agntn  takrt«  in 
tliat  nuld.     Thus  tliere  becomes  a  part  ftUed  witli  ys 
ajpart  filled  with  air.     Conttnmng'this  mottoit,  n  >^  r 
rf water  will  be  received,  and  another  of  air.      i  i 

tny  turn  of  the  Kpirul  nill  have  its  two  erid^  on  u  ic  vd 
the  air  between  the  successive  columns  of  war*  r  will  Iw^ 
natural  state  ;  for  since  the  passage  into  t 
main  is  open,  there  is  notJiiiig  to  force  the  \.  i      i 

any  other  position.    But  since  the  spires  gradunUy  dii 
in  their  length,  it  la  plain  tliat  the  column  of  M?tti 
gradually  occupy  more  and  more  of  tlie  cirm 
Cftch.     At  last  it  will  occupy  a  eomptete  turn  ui  ^miu 
that  IS  near  the  centre ;  and  when  sent  further  in 
continuanco  of  the  modoQ^  some  of  it  wilt  run  h    V 
top  of  the  succeeding  spire.     Thus  it  will  run  u 
ji^ht-hand  side  of  the  third  ^pire,  and   r< 
pQih  the  \vnUir  of  tMa  spire  back  wards,  m 
end,  so  that  t^  will  likewise  run  over  hack 
neart  rotation  be  completed.     At  length  ll  t 
pontion  will  reach  the  outermo&t  spire,  nnd  soui 
run  over  into  the  horn  and  scoop,  and  finally  mtu  lijt.  ^uti 

liut  as  soon  as  water  gets  into  the  rising  pipe,  and  risei 

little  into  it,  it  stops  the  esca{>e  of  the  air  when  the  m 

ijeoop  of  water  i«  taken  in.     Hence  there  are  then  two  cob 

of  watiT  acting  against  each  other  by  hydrcmtjitic 

and  the  intervening  column  of  air:  they  must  comp 

air  boiiwcen  them,  and  the  vvattr  and  air  columns  will 

[be  une([ual :  thi»  will  have  H  general  tendency  to  keep  the 

whole  water  hack,  and  cause  it  to  be  higher  on  the  left  or 

i^iiing   aide  of  each  epire  than  on  the  right  or    rf-"-v-rflin|f 

■aide :  the  exeeas  of  height  being  just  such  aa  produ  i  *oi- 

iton  of  the  air  between  that  and  the  ]Vi  » 

;r.     This  will  go  on  increaiiing  as  ti 

til         ■         "      1  for  the  air  next  to  the  ^i^ 

lt  ind  with  the  weight  of  li 

1  iifid  it  muiit   be  as  much  c« 

!iu!h  uiuat  be  done  by  the  water  i 

It  I  and  thiis  cnlinnn  exerts  this  preiijiure  partly  hy 
tlhat  i/«  outer  end  h  higher  than  its  inner  end,  an^*  ft^-»^ 
[llir   tnimimifjiiou  of  the  presiwrtr  on  it«  outer 
which  iit  similarly  compressed  from  wltliout     'ihu»  it 
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hifpeu  that  each  column  of  u-ater  being  higher  at  its  outer 
uu  at  its  inuer  end,  compresses  the  iiir  on  the  water 
flohmn  bej'oiu!  or  within  it^  which  transmits  this  pressure  to 
te  ur  beyond  it,  adding  to  it  the  pressure  arising  from  its 
nra  want  of  level  at  the  ends.  Consequently,  the  greatest 
ompression,  viz.  that  of  the  air  next  the  main^  is  produced 
\f  tke  sum  of  all  the  transmitted  pressures;  and  tliese  are 
im  sum  of  all  the  differences  between  the  elevations  of  the 
■ner  ends  of  the  water  columns  above  their  outer  ends :  and 
the  height  to  which  the  water  will  rise  in  the  miun  will  be 
JMt  equal  to  this  sum. 

Sipppae  the  left-haiid  spaces  of  each  spire  to  be  filled  with  water,  aod 
^  n^t-hand  spaces  filled  with  air,  as  is  shown,  in  regard  to  Mie  spire, 
ii  fif.  914.  There  is  a  certain  gradation  of  compression  which  will  keep 
tliH|i  in  this  position :  for  the  spaces  manifestly  decrease  in  arithmetical 

(grnsion ;  and  so  do  the  hydrostatic  heights  and  pressures:  if,  therefore, 

nr  be  dense  in  the  same  progression  all  will  be  in  hydrostatical  equili- 
Now  this  may  obviously  be  produced  by  the  mere  motion  of  the 
;  for  since  ihe  density  and  compression  in  each  air  column  is 
inversely  as  the  ml^y[nitudc  of  the  column,  the  quantity  of  air  is 
the  same  in  all ;  therefore  the  column  first  taken  in  wilt  pass  gradually 
inwanls,  and  the  increasing  compression  will  cause  it  to  occupy  precisely 
the  whole  right-hand  of  every  spire.  Tlie  gradual  diminution  <^  the  water 
cqIoduis  will  be  produced,  during  the  motion,  b^  the  water  runnine  over 
hMkwards  at  the  top  fiom  spire  to  spire,  and  ultimately  coming  out  by  the 
sooDp.  Since  the  hydrostatic  height  of  each  water  column  is  now  the 
gmiest  possible,  vir..  the  diameter  of  the  spire,  it  is  evident  that  this  dis- 
positioa  of  the  air  and  water  will  raise  tlie  water  to  the  greatest  height. 
Tins  disposition  may  bo  obtained  thus  :  let  C  B  be  a  vertical  radius  of  the 
wheel,  C  being  the  centre,  and  B  the  highest  noint  [the  figure  may  easily  be 
drawn]  upon  C  B,  take  C  l*  to  (.'  B,  as  the  density  of  the  external  air  to  its 
density  in  the  last  coliunn  next  the  rising  pipe  or  main ;  that  is,  nmke  C  L 
to  C  n  as  34  feet  (the  height  of  the  column  of  water  which  balances  the 
presnre  of  the  atmosphorej  to  the  sum  of  34  fcut,  and  the  height  of  the 
rising  pipe :  tlien  divide  B  L  into  such  a  number  of  turns  that  the  sum  of 
their  equal  diameters  shall  be  equal  to  the  height  of  the  main;  lastly,  bring 
a  pipe  straight  from  L  to  the  centre  C.  Such  is  the  construction  of  the 
spiral  pump,  as  ongin:Uly  invf  uled  by  Wirtz :  it  certainly  indicates  very 
considerabfe  medianical  knowle<lce  aiid  sagacity. 

But  when  the  main  is  very  hiv;h  this  construction  will  require  either  an 
cnonnoai  diameter  of  the  drum,  or  many  tuins  of  a  ver)'  narrow  pipe.  In 
such  cases  it  will  be  much  better  to  make  the  spiral  in  the  form  of  a  cork- 
Mmw,  than  of  this  tlat  form  like  a  watch-R])rinj?.  Tlie  pijie  which  forms 
theApial  miy  be  wrapped  round  the  frustrum  of  a  cone,  whose  greatest 
diameter  is  to  the  li'st-^t  (which  is  next  to  the  rising  pipei  in  the  proportion 
JMt  aMigned  to  C  H  an<l  ( '■  L.  Ify  this  construction  the  water  will  so 
fltaad  an  every  round  us  to  have  its  upper  and  lower  surfaces  tangents  to 
the  top  and  bottom  of  the  spiral,  and  tlie  water  columns  will  occupy  the 
Hcetidtr»i;  side  of  the  machine  wliile  the  air  occupies  the  descending 
This  form  is  far  preferable  to  the  flat  form :  it  will  allow  us  to 
ff  auiny  turns  of  a  hurge  pipe,  and  there-fore  produce  a  great  elevation 
of  a  lane  quantity  of  water. 
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The  same  Uiingf  will  be  still  better  accompUshed  by  wrapping  tlie  pipe  On 
a  cylinder,  and  making  it  gradually  tapering  to  the  end,  in  such  a  manner 
that  the  contents  of  each  spire  may  be  the  same  as  when  it  is  wrapped 
round  the  cone.  It  will  raise  the  water  to  a  greater  height  (though  certainly 
with  an  increase  of  the  impelling  power)  by  the  same  number  of  ipin% 
because  the  Yertical  or  pressing  l^ight  of  each  column  is  greater. 

In  the  preceding  description  of  this  machine,  that  construction  has  been 
chosen  whidi  made  its  principle  and  manner  of  working  most  evident, 
namely,  that  which  contained  the  same  material  quantity  of  air  in  each 
turn  of  the  spiral,  more  and  more  compressed  as  it  approaches  to  the  rismg 
pipe.  But  this  is  not  the  best  construction :  for  we  see  that  in  order  to  lake 
water  to  the  height  of  a  column  of  34  feet,  the  air  in  the  last  spire  is  oai»- 
pressed  into  half  its  space ;  and  the  quantity  of  water  delivered  into  the 
main  at  each  turn  is  but  half  what  was  received  into  the  first  spire,  the  lOt 
flowing  back  from  spire  to  spire,  and  being  discharged  at  the  spout. 
,  ]put  the  construction  may  be  such  that  the  quantity  of  water  in  eadi 
vjpae  may  be  the  same  that  was  received  into  tlie  first ;  by  which  means  a 
neater  quantity  (double  in  the  instance  now  given)  will  be  ddivered  into 
the  main,  and  raised  to  the  same  altitude  by  very  nearly  the  nine  force. 
This  may  be  done  by  another  proportion  of  the  capacity  of  the  ipirei; 
either  by  a  change  of  their  calibre,  or  oi  the  diameters  of  the  solid  on  which 
they  are  folded.  Suppose  the  bore  to  be  uniform  throughout,  the  diameters 
must  so  vary  that  the  constant  column  of  water  and  the  column  of  air,  com- 
pressed to  the  proper  degree,  may  occupy  the  whole  circumference.  Let 
A  be  the  column  of  water  which  balances  the  pressure,  and  H  the  height  to 
which  the  water  is  to  be  raised.  Let  A  be  to  A  -i-  H  as  1  to  ai.  Then  it 
is  plain  that  m  will  represent  the  density  of  the  air  in  the  last  spire,  if  its 
natural  density  be  1,  because  it  is  pressed  by  the  column  A  +  H  while  the 
common  air  is  pressed  by  A.  Let  1  represent  the  constant  wato*  column, 
and  consequently  it  will  be  nearly  equal  to  the  air  column  in  the  first  spire : 

then  the  whole  circumference  of  the  last  spire  must  be  1  +  — >  in  order  to 

hold  the  water  1,  and  to  compress  the  air  into  the  space  —  or  ,     "jbe 

circumference  of  the  first  spire  is  1  +  1  or  2 :  and  if  D  and  if  be  the  diar 
meters  of  the  first  and  last  spires,  we  have  2:1  +  ^  :  .jy  ^  4^  ^  ^  ^,^ 

+  1  :  :D  :d.  If,  therefore,  a  pipe  of  uniform  bore  be  wrapped  itmnd  a 
conic  frustrum,  of  which  D  and  d  are  the  end  diameters,  the  tpirab  will  be 
veiy  nearly  such  as  will  answer  the  purpose.  It  will  not  be  ^He  end, 
for  the  intermediate  spirals  will  be  rather  too  large :  the  conoidal  fnutnua 
Aould  in  strictness  be  formed  by  the  revolution  of  a  logarithmic  curve. 
With  such  a  spiral  the  full  quantity  of  water  which  was  confined  in  the 
first  spire  will  find  room  in  the  last,  and  will  be  sent  into  the  main  at  e*eiy 
rotation.  This  is  a  veiy  great  advantage,  especially  when  the  water  is  to  be 
much  raised.  The  saving  of  power  by  this  change  of  construction  is  always 
proportional  to  the  greatest  compression  of  the  air. 

The  chief  difiiculty  in  any  of  these  forms  is  in  determining  the  fom 
and  position  of  the  horn  and  the  scoop;  yet  on  this  the  perfimnance  of  the 
machme  greatly  depends.  The  following  instructions  will  i«nder  thn 
tolerably  easy.  Let  A  B  £  O  (fig.  214)  represent  the  first  or  outermoit  spin, 
of  which  the  axis  is  C.    Suppose  the  machine  immerged  up  to  the  aua  in 

u  ^^^^  ^^*^  surface  is  VV:  it  has  been  seen  that  it  u  most  effective 
when  the  surfaces  K  B  and  O  n  of  the  water  column*  are  distant  from  each 


in  it  in  the  same  manner,  leaving  the  half  space  B  EO  fiUud  witli 
sd  air;  for  it  took  in  and  confined  onljr  what  filled  the  quadrant 
is  obvious,  therefore,  that  the  quadrant  BE  must  be  so  shaped 
e  in  and  confine  a  much  greater  quantity  of  air;  so  diat  when  it 
to  A,  the  space  B  £  O  may  contain  air  sufficienUy  dense  to  sup- 
oliimii  A  ().  But  this  is  not  enough :  for  when  the  wide  mouth 
i  §iC  rises  up  to  the  top,  the  surfiice  of  the  water  in  it  rises  also, 
to  part  AO  oa'  IS  more  capacious  than  the  part  of  uniform  bore 
hat  succeeds  it,  and  that  cannot  coutain  all  the  water  which  it 
f  held.  Since  then  the  water  in  the  spire  rises  above  A,  it  will 
water  back  from  O  n  to  some  other  position  m'  n'.  and  tlie  pressing 
die  water  column  will  be  diminished  by  this  rising  on  the  other 
Hence  it  will  appear  that  the  horn  must  begin  to  widen,  not 
Nit  from  A,  and  must  occupy  the  whole  semicircle  ABE;  while 
ty  must  be  to  the  capacity  of  the  opposite  side  of  uniform  bore  as 
of  BO  and  the  lieignl  of  a  column  of  water  which  balances  the 
le  to  the  height  of  that  column :  for  then  the  air  which  filled  it 
lie  common  density  will  fill  the  uniform  side  B  E  O,  when  com- 

0  as  to  balance  the  vertical  column  B  O.  But  even  this  is  not 
:  for  It  has  not  taken  water  enough.  When  it  dipped  into  the 
.  £  it  carried  air  down  with  it,  and  the  pressure  of  the  water  in  the 
Mised  that  fluid  to  rise  into  it  a  little  way ;  aud  some  water  must 
le  over  at  B  from  the  other  side,  which  was  drawing  narrower, 
leiefore,  the  horn  is  in  the  position  EOA  it  is  not  full  of  water: 
ntly,  when  it  comes  into  tlie  situation  O  A  B  it  cannot  be  full,  nor 
ilance  the  air  on  the  opposite  side.     Hence  some  will  come  out 

1  rise  up  through  the  water.  Tlie  horn  must  therefore  extend  at 
a  O  to  B,  or  occupy  half  the  circumference ;  and  it  must  contain  at 
ce  as  much  water  as  would  fill  the  side  BEO.  Nay,  if  it  be 
i]ger,  there  may  be  no  disadvantage ;  because  the  surplus  of  air 
takes  in  at  E  will  be  discharged  as  the  end  E  «  of  the  horn  rises 
o  B,  and  it  will  leave  the  precise  quantity  that  is  wanted.     Tbe 

will  be  discharged  as  tbe  horn  comet  nmnd  to  dip  again 


nist  also  secure  the  proper  quantity  of  water.    When  the  machine 
ch  immersed  as  to  be  up  to  its  axis  in  water,  the  capacity  which 
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11.  DeBaguliers  tiescribesy  in  the  second  volume  of  bit 
Bxperimentai  Philosophy ^  a  verv  simple  contiivance  to  raise 
water,  which  is  this :  to  one  end  of  a  rope  is  fixed  a  laiga 
bucket,  having  a  Talve  at  its  bottom,  opening  upwards ;  to 
the  other  end  iis  listened  a  square  frame,  and  toe  oocd  is 
made  to  pass  over  two  pulleys,  each  of  about  15  indies 
diameter,  (and  fixal  in  a  horixoatid  plane,)  in  snch  a  manner 
that  as  the  bucket  descends  the  frame  ascends  idth  eqjasl. 
velocity,  and  vice  vend.  The  frame  b  made  to  run  ficeely 
upon  four  vertical  iron  guide-rods  passing  through  holei  at  ita 
four  comers ;  and  when  the  bucket  is  filling  with  water  at  tbcr 
well,  the  frame  stands  at  the  horizontal  plane  to  which  tlie 
water  is  to  be  raised ;  when  the  bucket  is  full,  a  man  ateps 
upon  the  frame ;  (his  weight,  togetlier  with  that  of  the  hvantf 
exceeding  the  weight  of  the  vessel  and  its  contained  water}) 
tills  gives  an  ascending  motion  to  the  bucket,  and  causes  the 
valve  in  its  bottom  to  close.  When  the  bucket  h  xaiaed  to 
the  proper  height,  a  hook  fixed  there  catches  into  a  hasp  at  t)i0 
ude  of  the  bucket,  turns  it  over,  and  causes  it  to  empty  its 
water  into  a  trough  which  conveys  it  where  it  is  required  :*at 
this  time  the  man  and  the  descending-fnune  have  arrived  at  a 
platform  which  prevents  their  furuer  descent,  where  the 
man  renuuns  till  he  finds  the  bucket  above  is  empty;  when 
he  steps  from  the  frame,  and  runs  up  a  flight  of  stain  to 
the  place  from  which  he  descended  :  the  bucket,  in  the  mean 
while,  being  some  what  heavier  than  tlie  frame,  descends  to  the 
water,  and  raises  the  frame  to  its  origuial  position.  Thus  the 
work  is  continued,  the  man  being  at  rest  during  his  descent^ 
and  labouring  in  the  ascent. 

Desagulien  employed  in  this  kind  of  work  a  " ttmern  drawer" who 
weighed  160  lbs.,  whom  he  desired  to  go  up  and  down  forty  steps  of  6i 
inches  each  (in  all  about  22  feet)  at  the  same  rate  he  would  go  up  and  dcvwn 
all  day.  He  went  up  and  down  twice  in  a  minute ;  so  that,  allowing  the 
bucket  with  a  quarter  of  a  hogshead  in  it  to  weifrii  140  lbs.,  he  is  able  to 
raiie  it  up  through  22  feet  twice  in  a  minute :  this  Desagulicrs  estiawles 
as  «:quivalent  to  a  whole  hogshead  raised  1 1  feet  in  a  minute,  aod  niher 
exceeds  what  he  has  assigned  as  a  maximum  of  human  exertion. 

This  machine  is  in  many  cases  not  only  the  most  simple,  bnt  the  kml 
tiiat  can  be  derised ;  yet  it  is  one  that,  without  due  prvcautions,  is  likely  to 
be  a  Tcry  bad  one.  The  frame  on  which  the  man  st^  must  be  brougfaff  mp 
to  its  place  again  by  a  prepondenncy  in  the  machme  when  unloMMd ;  it 
should  arrive  precisely  at  the  same  time  with  the  man ;  but  it  imj  ume 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  in  railing  a 
counterpoise  which  is  needlessly  heavy,  or  in  fact  less  water  is  elevated  tmn 
the  man  is  abla  to  elevate;  if  later  there  is  a  loss  of  time.  Hence  the  per> 
fcction  of  this  truly  simple  machine  requires  the  judicious  Gombinalion  ef 
two  maximums,  each  of  which  varies  in  a  ratio  compounded  of  two  oUwr 
■atios.    It  will  not  be  difficolt,  howef  er,  to  adjust  the  proportions  of  the 


Mi 
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,  .    i.-v   lime 
or  deictnUeti, 
owing  C'|Uulioti, 
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UOckfl  andthnt  of  the  frnrn^i  f^r  if  B 
thikt  of  the  frame,  nod  f  ibe  force  nece^ 
ihc  inertia  of  the  pulleys,  cr '''^"'^"ti" 
in  walking  up  the  tteps,  and  *  tin 
tilfta  linut   Band  F  be  &0  adjusted    as  lo  i^ 

IS  there  be  a  spring  aLffbrding  but  a  small  quantitv  of  water,  or  hiiviug 
a  cu  1.1 1 1  r.»ll  it  IS  niK^ililf;  by  the  lot^s  «1'  some  ot"  the  water  to  raise  the 
t  acat,  or  any  place  where  it  is  wanted;  but  in 

ll»i  '  ns  waste,  if  the  place  to  which  the  water  15  to  be 

m  iiAghcr  tUii,!)  due   spring  or   re^rrolr  from  which  the  water  falh. 
loni:  ago  conii  ived  an  cngiAo  for  this  purpose :  but  the  first  who 
jttch  t  itiing  in  excciKion  wais  Gironimo  Finugio,  at  Rome,  in  1616 ; 
the  ftnt  in  this  country  was  George   Gerrcs,  a  carpenter,  who,   in  the 

Til    much     .a,'i  .      ..^....^       :^y    ,..ij,,,     J.,.      iJ.,-_-...^uiir    1^,     .xijM      |\I(. 

I,  and   was  c  ry  ingenious.    The  water   from   a  spring 

\i^\  in  i  lari^e  I  .  lug  by  a  cord  from  an  axle,  while  a  smaller 

K'd  fforo  the  same  place  by  a  cord  hanging  from  o  wheel  on 
•«.:;:  .1  fly  ftnd  other  regulating  apparatus  were  added,  to  make 

iBf i&c  **i>fk  itstlf,  which  it  did   for  many  years  witliout  bein?  out  of 
An  a  whole,  however,  the  contrivance  i^  complex;  and  we  are  riol 
that  :    engines  cf  the  same  kind  have   been  erected.     A 

Aicripbftii  lie,  may  be  Ken  in  Desaguhers'  second  volume, 

Mr*  ii.  Sarjcant,  of  Whitehaven,  contrived  a  very  cheap 
Uit  mising  water,  for  which  the  Society  for  the  En- 
*  leot  of  Arts  awarded  him  a  silver  medal  in  the  year 
sketch  of  this  simple  invention  is  given  in  fig.  215. 

eniplnf  wa«  erected  at  Trton-ball,  which  is  situated  00  av  Mcent  of  flO 
licular  height  :  at  the  foot  of  i»"=  *-i"vni.nn    '-»)«int   140 
horn  the  office?*,  ihere  runs  a  small 

ITC  ft  conNtant  supply  of  that  necessn  ;  ^  ^ 

tlfrara  to  the  htmsc  for  cuHnary  or  domestic   uses.     With  thi» 

dam  waa  formed  at   a  abort  distance   above  the  turpeot,  no  «s  to 

fttU  of  aboot  four  feet :  the  water  was  then  conducted    through   a 

tfoufirh,  into  whtoh  a  piece  of  leaden  pipe,  two  inches  in  diameter, 

•  hich  is  delineated  at  A« 

t  directed  in  such  a  manner  aa  to  run  into  the 

^^'-rnted;  but^  as  soon  as  it  begins  to  dc»aend, 

liowa  ptogranvely  to  supply  the  wooden 

.  :     _    i     Inch  sUAdt  ihe  fofcing-pump  C,  being  iJi-ee 


rhicb    passes 
about    240 
This   power  works  the  pump^  and  forces   th«i  water  10  a^tCAMd 
house  through  a  plpa  one  inch  in  diameter,  and  whkh  is  4t20  i«el  in 


cyhnder    attached    to    the  pump-rod. 
It ;    «uch   cvUnder  is    ftUed   with  lead,   ana    wcighi 


11  fised  a  C9fd,  which,  «rhea  tbt  bucket  aporoacbtft  to  within  fotir 
mi^m  of  its  lowest  pro)ec<imi,  otendi,  and  opcos  a  Ymlve  io  the 
_  «f  lAc  vetMl  through  whu4i  tha  waler  is  discharged. 
'ftS^oe  in  a  great  degree  similar  to  this  was  erected  some  veim  ag^ 

R   2 
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bj  the  lftt«  Jamet  Spcddingy  Eac^.  for  a  lead  miDe  near  Keswick,  with  thf 
addition  of  a  imaller  bucket  which  emptied  itself  into  the  laig^  near  thi 
beginning  of  itH  descent,  without  which  addition  it  was  found  that  Ihi 
beam  on^  acquired  a  libratoiy  motion,  without  making  a  foU  and  eflMfi 
stroke. 

To  answer  this  purpose  in  a  more  simple  way,  Mr.  Sarjeant  oonatraclad 
the  small  engine  in  such  manner  as  to  finish  its  stroke  (speaking  of  (lis 
bucket  end)  when  the  beam  comes  into  a  horizontal  position,  or  a  little 
below  it.  By  this  means  Ae  lerer  ii  Tirtually  lengthened  in  its  denent 
in  the  proportion  of  the  radios  to  the  cosine,  of  abont  tUity^  dsgftei,  er 
as  seven  to  six  nearly,  and  consequently  its  power  is  inereasea  in  an  e^ad 
proportion. 

It  is  evident  that  the  opening  of  the  valve  might  have  been  effected,  pcv- 
haps  better,  by  a  projecting  pin  at  tlie  bottom;  but  Mr.  S.  chose  to  give  n 
exact  description  of  tne  engme  as  it  stands.  It  has  now  been  s<»ie  yeania 
use,  and  completely  answers  the  purpose  intended. 

The  only  artificers  employed,  except  the  plumber,  were  a  oonnfijf  Uadc- 
smith  and  carpenter;  and  the  whole  cos^  exclusive  of  the  piu^  and  pipfl% 
did  not  amount  to  5L 

In  a  letter,  dated  Whitehaven,  April  28;  1801,  Mr.  Sa^cant  obaerres^ 
that  the  pump  requires  about  18  gallons  of  water  in  the  bucket  to  raise  tbt 
counter^weight,  and  make  a  fresh  stroke  in  the  pump ;  but  it  nnkei  tfaiac 
strokes  in  a  minute,  and  gives  about  a  balf-gaHon  into  the  eiatein  at  eadi 
stroke.  He  adds,  "  I  speak  of  what  it  did  in  the  driest  part  of  last  mmmar ; 
when  it  supplied  a  large  &mily,  together  with  work-people,  fcc.  vrith- water 
for  all  purposes,  in  a  situation  where  none  was  to  oe  tiad  before^  except 
some  bad  water  from  a  common  pump,  which  has  been  since  removed.  Bat 
the  above  supply  being  more  than  sutficient,  the  machine  is  occasionally 
stopped  to  prevent  wear,  which  is  done  by  merely  casting  off  the  string  of 
the  bucket-valve." 

13.  Mr.  Benjamin  Dearborn  haa  contrived  an  h3rdraulic 
engine  which  may  be  conveniently  added  to  a  common  pump, 
and  thereby  renders  it  useful  in  further  elevating  water,  and 
particularly  in  extinguishing  fires :  the  following  description 
of  his  apparatus  is  extracted  from  the  Memoirs  oftkeAnherican 
Academy, 

Fig.  216.    A,  B,  C,  D,  represents  a  pump,  the  form  of  which  is  similar 
to  that  of  the  pomps  commonly  employed  on  sliip-board. 
£,  the  spout. 

F,  a  stopper. 

D,  d;  a  plank-carp,  that  is  fitted  to  the  pump,  and  provided  with  leather 
on  its  lower  surface,  being  secured  by  the  screws  a,bi  in  the  centre  is  a 
hole,  through  which  the  iipenr  of  the  pump  passes,  and  round  which  a  leather 
collar  is  made,  as  represented  at  the  letter  c. 

g,  a  nut  for  the  screw  b. 

f,  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the  plank- 
cap,  through  both  which  the  screw  a  is  introduoKi:  a  hole  ia  made 
through  sudi  piece  and  the  cap  that  communicates  with  the  bore  of  tbt 
pump. 

G,  G,  a  wooden  tube,  which  may  be  of  any  requisite  length,  and  consist 
of  any  number  of  joints ;  it  is  made  sauare  at  the  lower  extremity,  and  per- 
forated for  the  reception  of  the  cock ;  tne  upper  end  beinr  made  with  a  * 
shoulder. 
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Icn  cock  thil  opexis  or  ihuu  the  eommiMiJcaiion  beiwe«a  the 
rad  Ihf  luho,  Vwini;  fumUhed  on  Hie  opposite  side  willi  a.  bsmdle  tad 
with  «  lock,  in  case  it  should  he  found  neceisary. 
k,k^  mn  two  ferules,  the  object  of  which  a  to  pTercnt  the  lube  from 


•« 


U,  If,  bvaces^  each  of  v^hich  ought  to  be  crossed  over  aiM>ther»  a$  nearly 
tf  fikfai  ao^Scs  !is  posi^ibl^. 

^  ^  ftrt  tTttns  in  ^  >'"^  ♦  tt  staple,  which  surrouud  the  lube,  and  past 
ttararii  the  bfice  ds  being  perforated  with  holei  for  fore-tockt. 

XtL*  M.  N.  a>  fie  of  five  pitces  of  wood  ;  k^  /,  m,  «»  a  9qiittfe 

p»eoR,  I  r  part  of  which  is  a  hole  for  the  reccpiiou  of  the  extrentity 

^^  '  ihich  piece  resta  on  the  shoulder  o,  v  ;  lothe  lower  end  of 

ika  Jkcxd  1^  uiiiied  ft  piece  of  teaihcr,  wiih  a  tmle  m  its  cetitre,  similiu-  to 
Ibt  madt!  in  the  wood.  Another  piece  of  leaUiet  r»f  the  same  form  is 
plicul  on  th«  top  of  the  tube,  and  between  both  is  n  cii'cle  of  thin  plat^ 
vKtm ;  ihe  two  pieces  of  kalher  and  the  brass  being  pressed  between  the 
l«vcr  end  of  the  bead  and  the  shoulder  of  the  tube.    Tlieir  edges  are  deti- 

K,  Ji\  aod  L,  M,  nrr-  \\u'  f .Iv*  %  ..I  f«n  n,p,-.^<  , >f  t.i-itKi.  .»«  n  .>fni|3r  widtH 
vutillt  head,  lu  .  d  with  u 

hmtk,  that  passiL>  ^  <,  P:  both 

tia«nt  ha»e  holes  Km  h  lore*lock  at  y. 

0,  P,  a  jiicce  of  p!:jnk  of  the  same  width  as  the  sides ;  the  centre  of 
«bdl  ia  perforata  that  the  lube  may  pass  through  ;  and  in  each 

which  a  ^  ihe  rtcepiiun  of  the  teooiis. 

a  ciap« 

iTC  two  uicces  tailed  to  the  side  of  the  lube ;  ilie  lower  extremity  of 
>tided  with  a  truck,  with  a  view  to  lessen  the  li^iciioti  of  the  head 
ituootal  rc%'ulution. 

Tof  loi  ks,  the  Jesign  of  which  is  10  fasten  down  the  bead, 
ngat  the  joint  o,/i. 

:    the  extremity  marked  with  the  letter  Q 
lu  eud^  ttt  is  bored  with  a  small  auger, 
,h  the  conductor  and   head,  and  beinij  secured 
.  toif-Lock  or  nut ;  this  bolt  ia  rounded  oear  the  head,  and 
Idle. 

•     -*•     ■  -  ^^    '^iron  or  brass,  designed  to  prevent  tlie  head 
V,  Aood. 

kfDpet '  I  iyf  the  conductor, 

Tij.  2i7  rtpri  ihout  such  conductor, 

a,  A,  e«  </,  is  .1  ^1  _        ,  the  centre  of  which  is  perforated,  so  as  to 

But  a  p^iiaage  to  tttipuriue^,  tUat  might  otherwise  obstruct  the  conductor  : 
;«hich  purpove  n  pff't'f  of  le;itker  is  nailed  under  it  lo  the  head.     The 
*    in  th«  I  dapted  lo  the  size  of  the  bolt,  which  it  prereota 

T  T  has  a  hollow  cut  round  the  boll  on  the  inside^ 

MTt  It  of  holes  in  the  brass;    round  such  cavity   is 
ifie  conductor,  a  piece  of  leather,  iliat  plays  on  tho 
,  yi.ac  when  the  condiictoT  is  in  motion, 
m  of  his  mertioir,  Mr.  Dearborn  o^servef ,  that  he  bof 
'  r>  et  on  his  jiump ;  and,  though  the  seventy  of  the  leatoa 
1  completing  it,  so  that  one  person  only  could  work 
rtmbtea  to  throw  water  on  a  contiptious  building,  the 
|Mrt  of  wiuch  is  37  ft«t  froaa  the  pump,  and  between  3<l  and  40 
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a«r 


«%  MlMM  lift  it  vrnves  mt  B»  and  iheoce  ibroiagb  ibftiMlM^lNMl^  lo  )$ 
1WO  MkooM.  At  th*<  f  oni  B  the  water  ento?  into  a  dinteW  C,  the  lower 
|ait  giriittiicli  t«rmiiiJLtes  m  two  bnss  cylinders,  fofa  inches  tn  cimnift«r  ;  la 
vWdi  two  film  or  |>isiotii  of  kad^  D  uid  £,  are  caiMbte  of  tnovntg  up 
Mi  dovn  fej  £^  pistiMl«irods^  vrfaick  pass  throufh  •  dosn  packing  iiU>yc, 
mA  lie  Atuched  to  lb«  ejilremnies  of  a  cfaaia  leading  over  uzid  pro|»«in^ 
^tmtlmit  to  tbe  wtieel  Q,  >o  that  it  cannot  slip. 

Tte  l^dnn  pipes  D  and  £  are  cast  in  their  plao^t  tnd  liarc  no  Mcking^ 
alBlmii  They  move  venr  easily  ;  and  if  at  any  time  tiiey  should  becoMke 
tiMtf  fjbrv  tt^>  ^"^^  spread  out  by  a  few  blows  with  a  propter  iti«tninitQl« 
aiifctpui  t;  uut  or  tlieir  place.    On  the  sides  or  the  two  hnm 

qrliiifAtfs  >  \}M  K  move,  there  are  aqtiare  holes  cominnnicatifig 

Hvvards  1  'tat  trunk  or  square  pipe^  four  iucIhs 

«M»  and  t»e  other  pipes  G,  G,  aod  H,  a  a-  »ia 

indbe  in  duim.  u.r^ » tcepi  thft  pnnci^wii  cylinder  wherein  the  pistonll  mores; 

iad  ikin  eyhndc?  a  ten  indiea  in  diaTneter,  and  admits  a  nine-foot  !strok«, 
lbg«fl^  it  ir  1-'    r^..1,..^,.trtr^  as  if  the  Ttroke  were  only  a  three-foot. 
iS&  j>rst                          I  rough  a  stuffing-box  above,  and  Ls  attached  lo 
M  H,  wtticL            ^           ,  or  a  perpendioalar  piece  divided  into  two,  «o  «a 
ti  Alt^w  lbs  alternate  motion  up  and  down^,  and  leave  a  >pice  botwcen, 
wrtiioia  ttnit^iog  the  ^ed  appatatus  or  great  cylinder.    The  pit-rod  ii 
pndonjfed  down  into  the  mine,  wher^  it  is  employed  to  work  ihe  pumpt  • 
or  if  th^  rti^a;!!!!?  were  applied  to  mill-work,  or  any  olher  use,  this  rod  wo^dd 
ion  of  the  first  mover, 
tumbling-bob,  capable  of  being  moved  on  the  god- 
^w,                                       -'  -  -    '-on  to  another,  in  which  the  ^■'*''*  V  sliall 
H^:  !  u  the  opposite  side  of  the  il^r, 

B^>  ,«..,.. J  ...,  ^ *  ..iLi  then  oe  as  much  elevatti  _  i    ..  now 

P  U  ^  h.is  1(5  lo^er  c:i(l  inimeesed  in  a  ei«tera,  by  which  means  it 

:lity  of  the  eictexnal  air  introdudne 
ijn  column,  or  water  barometer,  and 
r  twluniu  from  A  Lo  is  effiectual :  as  wc  aball  see  m  our  view 


fid  1'0».> 
0|i|4>9iitc  to  ^ 
die  «fi(ritifi  u 

t>L>l<  I 


^  _  I  I .  _ 


luucu  X 


with  it)  ;i 
with  till" 

mere  Thw 


to  be  horitonttl,  and 

istons  D  and  £  »ftall 

■y  w  .  >.,.;   ,    ,..,    ^  ^ad  F.     In  this  state 

se  pistons  15  pressed  by  a  force  equivaleat 

y  will  reraaiu  motionless,  because  ih^ae 

her,  they  arc  constantly  in  equitibno.   The 

1  m  at  tlie  bottom  of  it»  cylinder,  the  ttim- 

o  the  position  here  delineated.     Its  actiofk 

Q  the  wheel  Q,  draws  up  the  plug  D,  and 

rr-i*vay  G  becomes  open  from  A  B,  and  thit  of 

cmisequ willy  descends  from  A  to  C  ;  thence  to 

''      '        n  IL     TliiJi  ]>rt55ure  rn;  '  -  ''■"  ^'fton, 

piston,   it  causes  it  1  j-'osa 

iWi- piston  (which  rftf'  ,   i-rod 

11,  ftxed  to  this  rod,  is  broogbt 

nnd  rniten  it  to  the  horttontal 

son  of  the  wheel  L. 

I  loiml  niotion  in  the 

■  r  real. 
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Dcarriiiiio  tfacbitiK  UydrftuiicK  curio«K  constmcttt  Joh.  Geor.  FftiuUeri. 
Vmc  1607. 

Koiiv«Ue  Iav«nt»on  de  lever  I'Eau  plii'^  l^^"t  que  U  Source^  avec  quf>lque 
Mafhinrs  Mouvniutes  par  ie  Moyc-n  •!  |iar  Isaac  de  Cau9, 1657. 

JcttphiGrftTurii  a  Monte  Sacr.    Fr.:  ysiGO-mGchanicadiTerunim 

Madliiiarv  ntoram  Poeumuticea  ac  Hydraulices.  Venct,  t664. 

HoDftli^  lAuUque,  par  Fnuicini.  Journ.  d<»s  ^^y.  1f»69. 

fAa  ar  Ins  machine  is  likewise  given  jn  the  A 

,  Uim.  2.  aiid  m  the  2d  vol,  of  Pesa 
Ftuio^fjpiiy :    in  both  which  prHbrtnaocos  many  ouitr    nyajauiic; 
are  described.] 
A"  t  '  ftfkflakifig  for  raiaing  Water,  by  Sir  Samuel  Moreland.  Phil.Tnus. 

IrTriilic  Kneint-.  bv  .........  .     Phil.  Tmos,  1675,  No.  IJMi. 

Aciiefi;  tra.     Phil.  Trans.  1677,  No.  136. 

IL^r  }^  <ii  sur  quelqoes  Muchioes  ^  Clever  les  Kiux^ 

ti«e  sit  DewnptEim  d'nat  ttouvelle  Pompe^  sans  FroUemeQi  el  sani  PiaUm, 
liA.  1682. 

El^T^4ic*D  des  Eaux  par  toute  sorlede  Macbitp  *  '  i 

Mila«  ik  ia  baiam^i  f>ar  Ie  ruovLii  d'un  ooiiveau  [  i 

vvnoufCVl  TT'  •■    *     ■    '       "  -—        \  el  rvji'i.itr.  i  n.^n^t  i.ie  igiiic  none 

^  ■MBi'Vctto  '  Morland.    l&8o. 

A  nrw  Way  .  .^..uiticolly  proposed,  by  Dr.  Papiq, 

HnLTrsiKi.  1685,  No.  17  utious  by  Dr.  Vmceni  and  Mr.  a.  A. 

aKo.177. 

H,  d\k  Tonuc,  Nouvelles  Ma*  huuii  pour  6puiser  I'Eau  des  Fondatioiw^ 
1^,  ^Ofnt\o«i  Ucs  Simples,  font  an  cffcl  »ufpreoaiiti  1696.    Joum.  des  S^av. 

noB  Ibr  nisita{(  Water  by  the  help  of  Fice,  by  Mr.  Tho.  Sairerj. 

lie  Mwibfe  pour  tever  TEau  par  la  Force  du  Feu: 


J 
J 

Lr 

A 

F.I: 
A 


la«i 


M.  1 


;      ;  l.r  <i    ■  r  iructian  d'une  Pompe  qui  foumil  conliouclleroent 

1  1  ,  par  M.de  la  Hire,  Meni.  Acad.  Sci.  Paris.  1716. 

hme  pour  devcr  des  £aux,  par  M.  d»  la  Fnye^ 

1717. 

.1  iim's  und  Job,  Heinr.  Weber*s  Elementar-mascbine, 

i  Sry  »1tf»fi  wasser-hebungen.     CaaseL  1720. 

i     iiinarum  Hydraulicarum.     1724,1725. 
lis,  de  Machinis  llydraullcja  tuto  terr&ruia 
-Ti.uivt'ii^i  M\  Londincnei^  &.c.    1727.      Vide   Act.  eztidit. 

.,.  nf  tk,i.  vv.ir.r^vrorks  at  London-bridge,  by  H.  Beighton, 
V  417. 

I.'  for  raifting  Water,  in  which  horses  or  other 

draw  wHiwjrul  any  loss  of  power  (which  has  qever  yet  Urea  prao- 

ind  how  the  sirukes  of  the  piston  roay  be  made  of  any  longtJi,  lo 

t  water  by  ihe  too  frequent  openiog  of  valves,  Ate.  by 

Phil.  Trans.  1734. 

*^    "         Tlydraulique  propos^e  par  M.  Segner^  pet 

^cV  Berlin.     1750. 

Hydraulique  de  M.  Segner  k  toutei  softM 

^  sur  les  aulres  Machine  Hydraulique*,  par 

.a.  i ..,     - ..  -,:.ik;i,  Berlin.    1751. 


iH.  S«giicr*>  in4duiM  is  no  oiher  than  ibe  simple  yet  truly  rngtmoui 
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conlrimice  known  hr  Ae  name  of  Boiker^t  mill,  which  had  been  damTwd 
in  the  2d  Tolume  of  Desagulien*  PhikMophy,  some  yean  befiire  fheCcnm 
pttfknoT  made  any  pfretentions  to  the  honoor  of  the  infcnium.  Ihatheoy 
of  it  it  likewise  trealed  by  John  Bemoolli  at  the  end  of  his  HytaaiieB.] 

Reeherehei  >nr  nne  noirrelle  manihe  d*derer  de  TEan  prapoite  fv 
11.  de  Mov,  par  M.  L.  Eider,  Mem.  Acad.  Seriin.  1751. 

Discussion  particuli^  de  diversea  manftfna  d'^ever  de  rEm  par  k 
moven  del  Pompes,  par  M.  L.  Euler,  Mem.  Acad.  Ber.   17J9. 

Manmes  jpour  arranger  le  phis  avantageusement  ies  Marhinft  dvMs 
A  Clever  de  I'Ean  par  le  moyen  de>  Pompes,  par  M.  L.  Enler,  Mem.  Aed. 
Ber.   1753. 

•  lUfleiioBfl  8ur  Ies  Machines  Hydrauliques,  par  M.  le  Cheralier  IfAMj, 
Mem.  Acad.  Sci.  Paris.   1754. 

Memoirs  aur  Ies  Pompes^  par  M.  le  Chevalier  de  Borda,  Mem.  Aeid. 
Sci.  Paris.   1768. 

Dan.  Bernoulli  Expositio  Theoretica  singularis  Machins  Hydmfiae. 
Fignri  helvetiorum,  exstructce.    Not.  Com.  Acad.  Petrop.   1773. 

Abhandluogen  Ton  der  Wasserachraube,  Ton  D.  Schemer,  Priester.  Wio. 
1774. 

Recherches  sur  Ies  Moyens  d*ex^cater  sous  TEau  toutes  sortes  de  Ttenu 
Hydranliques,  sans  employer  ancun  Epuisement,  par  M.  Coulumb.  1779. 
Saemund  Magmissen  Holm,  Efterretning  om  skye  Pumpen.  Kiobcnhcm. 
1779. 

Moyen  d'angmenterla  Vitesse  dans  le  Mouvementde  la  Vis  d'AidumMe 
»ur  son  Axe,  tirfi  des  Mdmoiies  Manuscrits  de  M.  Pingeron,  sur  tea  Artt 
utiles  et  agr^les.    Joum.  d'Agric.  Juin,  1780. 

The  Theoiv  of  the  Syphon,  plainly  and  methodically  illustrated.  1781. 
(Richardson.} 

Memoria  sopra  la  nnova  IVomba  Funiculare  Umiliata,  dai  Can.  Carto 
CaMclli.    Milano.  1782. 

Dissertation  de  M.  de  Parcieux,  sur  le  moyen  d'^lerer  I'Eau  par  la  roCa- 
tion  d*une  corde  verticale  sans  fin.    Amsterdam  et  Paris,  1793. 

Theorie  der  Winischen  Spiral  Pumpe,  erlautert  von  Heinr.  Nicander. 
Schwed.  Abhandl.  1783. 

Jac.  Bernoulli,  Essai  sur  une  nouvelle  Machine  Hydraulic|Qe  mopre  i 
dever  de  TEau,  et  qu'on  peut  nommer  Machine  Pitotienne.  Nor.  AcL 
Acad.  Petrop.  1786. 

K.  Ch.  Langsdorf's  Beiedinongen  iiber  die  Vortheilhoeftere  Beontzmig 
AngeleKter  Fammclteiche  rar  Betriebung  der  Maschinen.   Act.  Acad.  Elect. 
Mogunt.  1784,  1785. 
Nicander's  Theorie  der  Spiral  Pumpe.   1789. 
Nouvellc  Architecture  Hydraulique,  par  M.  Prony.    1790, 1796. 
A  short  Account  of  the  Invention,  Theory,  and  Practice  of  Fire.Machinay ; 
or,  lutroduction  to  the  Art  of  making  Machines  vulgarly  called  8lMm- 
Engines,  in  order  to  extract  water  from  mines,  convey  it  to  towns,  and  jets- 
d'«aux  in  galktlens ;  to  procure  water-falls  for  lulling,  hammering,  stamping, 
rolling,  and  corn-mills;  by  W»  Blakey.   1793. 

FUMP8. 

1 .  The  construction  of  jpumps  is  usually  explained  by  gteM 
models,  in  which  the  action  both  of  the  pistons  and  vSves 
may  be  seen. 

In  order  to  miderstand  the  structure  and  operation  of  the  common  pimn^ 
let  the  model  D  C  B  L,  fig.  232,  be  placed  upright  in  the  vessel  of  water  K, 
the  water  being  de^  enough  to  rise  at  least  as  high  as  from  A  to  L.    The 


r<7n-n,r  h.,;ri.,  ^  u 


E  tnd  rtid  D !<;  Ihe  bucket 

y  draw  up  t!  i;^ 

fore<f  i*  Dol 

the  water  in 

iU  prcft 

'  :i»e 
^  to 

he 
.f 

wid  ul  r.     llien  depress  tlie  piston  or  bucket  trom  C  to 

n  the  part  B  cann^H  gt?l  back  again  through  the  yidte  £, 

bucket  descends)  raise  the  vftWc  d,  and  so  make  il8  way 

per  part  of  the  barrel  d  into  the  ap«n  air.    But^  upon  raistaf 

^  second  time^  the  air  between  it  and  ilie  water,  in  the  low«r 

be  again  \eh  at  liberty  to  till  a  larger  space ;  and  so  its  tpring 

■.[.f.^r-f*^  a,,   r-,.,;5V)re  of  thc  outward  air  on  the  water  in  the 

r  up  into  the  lower  pipe  from  c  to  J";  and 

>i  height  C,  the  lower  valve  b  will  fill,  jud 

At  the  next  airoke  of  M  fr 

le  box  11  towards  fi»  and  lh>.  i,tj 

r^a^ed  by  it,  will  Ull  when  tht  bucket  0  is  at  itij  greatest 

:  depress ini,''  the  bucket  ftgain,  the  water  eannot  b^  pushed 


#ll6le  »piac«  below  the  i  ^e  it  cannot  •ink 

wlbto  it  n  dr^ir^ss/'d  ,   bi  i  <i  will  rise  to  lei 

tW  bock  i  wlitin  U  i*  quite!  down,  lim  v^ilvt-  a  will  fnll  by  il$ 

trwn  "w*»i  hole  in  the  bucket.     Wh^n  the  bucket   i.«s  ne\t 

If  ftjij  xiK-.li  '•  uu'i   f.uvco   oy  u;  wnicn   gntimg  awfivr*  in*i  pijif  i,   ijim.«  4IU« 

wwtt  la|t  I,  wdl  supply  the  pipe,  and  make  it  run  with  a  continued  sireujn. 

"^^   -'  nexy  lime  the  bucket  is  raised^  the  vulve  b  rigea^  and  the  ralvc  a 

i  at  every  tinw  the  bucket  i&  depfcftcd,  the  valve  h  lalb,  and  the 

Afiiifth«prc«5ureofllicatfOtatBiQtph«i«  whi«h  causes  tb«waler  to  riit» 
tnrf  frfVur  thr  p{iTr>n  or  Kucket  O  an  ft  is  dniwn  up ;  and  srtioe  a  rolnmn  of  water 


rf  tt^  j*«Uift  or  buck«l  from  the  5Ur&cc  of  ibc  water  in  tbc  wcu  must  wways 
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I'llierwise  the  w;*' 

'  J««>  the  pre«>. 

water  in  iJi*   •  ■ 

!'    tht;    I  in  I    i 


degree  of  s 
»hove  the  bi 


u  the  weight  of  tkc 


Tiic  force  required  to  work  a  pump  will  !)e  as  the  beigfit  to] 
^-wluchdie  water  is  raised,  and  as  the  gauare  of  tl      t- 
>f  the  piinip-borc  in  tliiit  part  where  the  pibton 

►at  if  two  pnmpa  be  ituule  of  d  ^lits,  and  U 

)e  twice  us  wide  in  the  bore  as  k  ,  the  widr 

four  ti»»G8  as  much  M^atcr  ns  the  narrowest,  and  wiU  r« 
therefore  four  tinies  as  much  strength  to  work  it. 

The  wideneas  or  narrowness  of  the  puinp  in  any  other 
besides  that  in  which  the  pititon  works,  cfoes  nor  n? il- 
lUmp  either  more  or  less  difficult  to  work,  except 

ice  may  arise  from  the  friction  of  the  water  it»  1 1 
rhich  is  always  greater  in  a  narrow  bore  ihim  in  ^  w 
iu»e  of  the  great  velocity  of  the  water. 

The  pump-rod  is  never  raised  directly  by  Buch  a  htindlc 

at  the  top,  but  by  means  of  a  lever,  whuae  Ion  - 
|the  end  of  which  the  power  is  applied)  generally 
"  rngth  of  the  shorter  arm  five  or  six  timcK,  and  by  thai  nvtima 

ives  676  or  six  times  qh  much  advantage  to  the  power.  Upon 
hese  principleii,  it  will  be  easy  to  find  tlie  ditnenttiouB  of  a 
>ump  that  shall  work  with  a  given  force,  and  draw  water| 

>m  any  given  depth. 

The  quantity  of  water  raised  by  each  stroke  of    ' 
idle  is  just  OS  much  as  fills  that  part  of  the  b. , 
[Ihe  piston  works>  be  the  size  of  the  rest  of  the  bore  al  • 

jlow  the  piston  what  it  wilL     The  pressure  of  ih- 
^fpherc  will  raise  the  water  32  feet  in  a  pipe  exhai  lir; 

[fcrut  It  is  advisable  never  to  have  the  piston  raort  it:..  -J  or 
'24  feet  above  the  level  of  the  surface  of  the  water  in  which 
the  lower  end  of  tlie  pump  ist  placed ;  and  the  power 
I  to  work  the  pump  will  be  the  same,  whetlier  the  piston 
down  to  lie  on  a  level  with  the  surface  of  the  wrll. 
ft  works  30  feet  above  that  surface^  because  tlie  w 
column  of  air  that  the  piston  lifts  is  equal  to  th^ 
p^^R^^ure  of  the  column  of  water  niit»ed  by  the  pre^sn/r  it'  ihc] 
u  piston.     And  although  the  pressure  of  t !i<    Atr 

ti  lice  of  die  well  will  not  raise  nr  force  up  il  -       '  :- 

the  pump-bore  more  than  32  feet,  yet  when  the 
liowo  into  the  columa  so  raised,  the  water  gets  a^ivw  i^^ 


AND  MACHtNJSl*. 


then  be  raised  to  any  height  whatever  above  the  piston, 
ling  to  the  qiuiulity  of  power  applied  to  the  handle  of 
the  pump  for  that  purpose. 

Fump«  ought  to  be  made  so  (says  Mr.  Ferguson)  as  to  work 
with  equal  ease  in  raising  the  water  to  any  given  height  above 
Ihe  suHace  of  the  well.  And  this  may  be  done  by  duly  pro- 
^Oftioning  the  diameter  of  the  bore  (in  that  part  where  the 
pblon  works)  to  the  height  tlie  water  is  to  be  raised,  as  that 
Ibe  column  of  water  may  be  na  heavier  in  a  long  pump  than 
10  a  short  one,  or  indeed  equally  heavy  in  all  pumps  from  the 
liiociest  to  the  longest,  on  a  supposition  tliat  the  diameter  of 
the  bore  is  the  same  size  from  top  to  bottom  ;  and  whatever 
size  the  bore  be,  above  or  below  that  part  in  which  the  piston 
works,  the  power  required  to  work  the  pump  will  be  just  the 
nme  a»  if  the  bore  was  of  the  same  size  throughout. 

In  ofder  that  a  man  of  common  strength  may  raise  water 
by  purups  ^vith  the  same  ease,  to  any  height  not  less  than 
10  feet,  or  more  than  100  feet,  above  the  surface  of  the  well, 
Mr,  Ferguson  has  calculated  the  annexed  table,  in  which  the 
diameter  of  the  bore  is  duly  proportioned  to  the  height  j  and 
in  these  calculations  he  supposes  the  pump-handle  to  be  a 
lever  increasing  ilie  power  five  times. 


Diamftrr  of  Uk« 


«  mintitf, 
in  wine  inrMMri^. 

Oattofi*.    Pints. 
81        6 
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a  man  of  ordinary  strength  can  raise  m  a  minute  by  Che  pump 
to  the  given  height. 

The  quantity  of  water  contained  in  a  pipe  of  either  of  thoie 
heights  in  the  table,  suppuding  the  diameter  of  the  hove  to  be 
the  same  from  top  to  bottom,  is  4523*2  cubic  inches,  or  19*58 
gallons  in  wine-measure,  as  near  as  the  hundredth  part  of  aa 
inch  in  the  diameter  of  the  bore  can  make  it. 

Mr.  Ferguson  has  calculated  the  following  table,  by  wUeh 
the  quantity  and  weight  of  water  in  a  cylindrical  bore  of  any 
given  diameter  and  perpendicular  height  may  be  very  xeadSly 
found. 

Diameter  of  the  cylindrical  bore  1  huh. 


Fetthlgh. 

^siisfcfnss:' 

Weltht  of  water, 
intioyouBcn. 

InATointapobeomicn. 

1 

9-4247781 

4-9712340 

5-4541530    ' 

2 

18-8495562 

9-94246B0 

10*9063078 

3 

28-3743343 

14-9137020 

16-9034A17 

4 

37-6991124 

19-8849360 

21-8166156 

5 

47*1238905 

24-8561700 

27-2707695 

6 

56-5486686 

29-8274040 

32-7249284 

7 

65-9734467 

34-7986380 

38-1700773 

8 

75-8982248 

39-7698720 

43-6332312 

9 

84-8230029 

44-7411060 

490873851 

For  tens  of  feet  high,  remove  the  decimal  points  one  place 
towards  the  right  hand ;  for  hundreds  of  feet,  two  places ;  for 
thousands,  three  places;  and  so  on.  Then  multiply  each 
sum  by  the  square  of  the  diameter  of  the  given  bore,  and  the 
products  will  be  the  answer. 

Example  : 

Qu.  What  is  the  quantity  and  weight  of  water  in  an  upright 
pipe  85  feet  high,  and  10  inches  in  diameter  of  bore  ?  Tlie 
square  of  10  is  100. 


Feet  higfa. 

80 

5 


Cubic  inches. 

753-  982248 

471238905 


85               801-1061385 
Multiply  by 100 


Answer 


80110*6138500 


397-  698720 
24-8561700 


422-5548900 
100 


42255*4890000 


Araiitlapolie  ovbci 

436-  332313 

27-2707605 


463-6030815 
100 


46360-  308150 


Which  number  (80110-61)  of  cubic  inches  being  divided  by  231,  the 
number  of  cubic  inches  in  a  wine  gallon,  gives  342-6  for  the  nombtr  of 
gallons  in  the  pipe ;  and  42255*489  troy  ounces  being  divided  fay  12,  gitea 
3521*29  for  the  weight  of  the  water  in  troy  pounds ;  and,  lastly,  46360*3 
•voirdupoise  ounces  being  divided  by  16,  gives  2897-5  for  the  weight  in 
avoirdupoisc  pounds. 
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vvUi  overcome 

'-    -:    -  I':-  •■  lvalue. 

V,  vol.  ih  U  tlie  foUowuig 
^  triction, which  may  1»*'  '^ui- 
in  a  varic'ly  of  ways  by  any  common  r 
the  a«!iistance  of  ihe  punip-imiker,  or  pluml'Lt ,  ami 
"I  he  very  elfcctivc  for  ruisitig  a  great  ijuaulity  of 

.,  or  pvcn  for  the  uerrico  of  a  hou^c. 

r  carpenfer's  vrork  0|  i 

'    :»!  Ton.      ^'r^lr   lli^    \-. 


bfW  vc 


>! 


liNiC  A  ba^  *ji 


II  llie 
ijih  oi  ijie  iim  ut  wie  Momnn  nng  to 
are  fixed. 


,  the  air  m  the  bag  will  be  rarelieti,  and  lUe 
«  f  inVo  the  bag.     WlitTn   thr  mJ   v^   rUrusl 

le  out  by  the  vaWe 

ration  will  Iiav6  n  stin 
will  at  last  be  disdi:;      '  t. 


]  most  divested  of  r  i  perfectly 

•ather  between  the  folds  ni  canvitss  renders 

'^  botli  to  air  and  wttter.     And  the  canvass 

strength.     We  know,  from  experience^ 

iiu  inj8  diuiucter,  made  of  sail-cloth  No.  3, 

wiiK  a  ihtfep-bkm  between,  wili  bear  a  column  of  15  feet  of 

water,  ond  '      :g   work  per  f!       '       i%  month   without 

iiHurr,  and  pump  is  con-  superior  in  effipct 

to  fccoa*mcir.  pi.rt.jt  of  the  s^ame  dimenbioas.     We  i 

^jkgtrftf  thut  the  kngth  o(  the  bag  must  be  thrtt- 

l^^tadc^  length  Mf  thr  tXrakt ;  so  tlial  wIki  s 

^HMIb  Ki^r)«t  pavELioD,  ibc  angles  or  ridg  y 

^be  pretty  aetitc.     If  iIm*  bug  be  bjopb  Biretched  tbaii  tte, 
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the  force  which  muttt  be  exerted  by  the  labourer  becomes 
much  greater  than  the  weight  of  tlic  column  of  water  which 
he  is  raisuig.  If  the  pump  be  laid  aslope,  which  is  very  uaual 
in  tliesc  occasional  and  hasty  drawings,  it  is  necesaaiy  to 
make  a  guide  for  the  piston-rod  within  the  trunk,  that  the 
bag  may  play  up  and  doMm  without  rubbing  on  Uie  aides, 
which  would  quickly  wear  it  out. 

The  experienced  reader  will  see  that  this  pump  ia  very 
like  that  of  Gosset  and  De  la  Deuille,  described  by  Belidor, 
vol.  ii.  p.  120,  and  most  writers  on  hydraulics.  It  would  be 
still  more  like  it,  if  the  bag  were  on  the  under  aide  of  the 
partition  £,  and  a  valve  placed  further  down  the  trunk.  But 
we  think  that  our  form  is  greatly  preferable  in  point  of 
strength.  When  in  the  other  situation,  the  column  of  water 
lifted  by  the  piston  tends  to  burst  the  bag,  and  this  with  a 
ereat  force,  as  the  intelligent  reader  well  knows.  But  in  the 
form  recommended  here,  the  bag  is  compressed^  and  the 
strain  on  each  part  mav  be  made  much  less  than  that  which 
tends  to  burst  a  bag  of  six  inches  diameter.  The  nearer  the 
rings  are  placed  to  each  other  the  smaller  will  the  strain  be. 

The  same  bag-piston  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve; 
and  it  wiU  then  be  equally  strong,  because  the  resistance  in 
tills  case  too  will  act  by  compressicm. 

3.  An  ingenious  variation  in  the  construction  of  the  sucking- 
pump,  is  that  with  two  piston-rods,  in  tlie  same  barrel,  in- 
vented by  Mr.  Walter  Taylor,  of  Southampton.  A  vertical 
section  of  this  pump  is  given  in  fig.  224. 

The  piston-rods  have  racks  at  their  upper  parts  working  on  the  opposite 
aides  of  a  pinion,  and  kept  to  their  proper  positions  l^  fiktioB-roIIers. 
The  valves  used  in  this  pump  are  of  Utrec  kinds,  as  shown  at  a,  6,  and  c. 
The  former  is  a  spheric  segment  which  slides  up  and  down  on  Uie  piston- 
rod,  and  is  brought  down  by  its  own  weis^ht;  the  second,  ^  is  callid  the 
pendulum-valve ;  and  the  third,  r,  is  a  globe  which  is  raised  by  the  rising 
water,  and  fiiUs  again  by  its  own  weight.  Each  of  these  valves  will  di»- 
ei^ge  itself  from  chips,  sand,  gravel,  &c.  brought  up  by  the  ivater.  In 
this  kind  of  pump  tlie  pistons  may  either  be  put  in  motion  by  a  handle  in 
the  usual  way,  or  a  rope  may  pass  round  the  wheel  if «  in  a  proper  groove, 
the  two  ends  of  which,  after  crossing  at  the  lower  part  of  tlie  whe%  mn 
be  pulled  bv  one  man  or  more  on  each  side.  A  pump  of  this  kind,  with 
seven  inch  bore,  heaves  a  ton  24  feet  high  in  a  mmute,  with  ten  men,  five 
only  working  at  a  time  on  each  side. 

Another  improvement  of  the  common  pump  has  been  made 
by  Mr.  Todd,  of  Hull.  This  invention  in  some  particular! 
bears  a  resemblance  to  the  ordinary  one,  but  he  has  con- 
trived to  double  its  powers  by  the  following  means: 
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HaviDg  prepared  Oie  pij^ton-cyUnder,  which  may  be  1*2  feet 
high,  he  cuts  from  the  bottom  of  it  about  three  feet ;  at 
ibc  cod  of  the  great  cylinder  be  places  an  atmusplieric-valve, 
sum!  to  the  top  of  the  small  cylinder  a  serving-valve.  In  the 
bottom  of  the  email  cylinder,  which  contains  the  servijig- 
ralve,  is  inserted  an  oblong  elliptical  curved  tube,  of  equal 
caliber  with  the  principal  cylinder,  and  the  other  end  is  again 
iDierted  in  the  top  of  the  great  cylinder.  This  tube  is  divided 
m  the  same  manner  as  the  first  cylinder,  with  atmospheric 
and  sereiiig  valves,  exactly  paralle)  with  the  valves  of  the 
fifVt  ryllnder.  Tlie  pump,  thus  having  double  valves,  pro- 
duces double  effects,  which  effects  may  be  still  further  increased 
by  cxtemling  tlie  dimensions. 

The  cylinder  is  screwed  for  service  on  a  male  tube  screw, 
which  projects  from  the  side  of  a  reservoir  or  water  cistern, 
aod  if  worked  by  hand. 

Tbe  piAton-plunger  is  worked  by  a  toothed  segment-wheel^ 
^Biilar  to  the  principle  of  the  one. used  in  working  the  chain- 
jKHnpd  of  ships  belonging  to  the  royal  navy ;  and  the  wheel 
rtocsves  iU  motion  from  a  hand- winch,  which  is  considerably 
aceckntcd  by  a  fly-wheel  of  variable  dimeni'ions,  at  the 
ie  end, 

U  pitmp^  in  addition  to  ita  increased  powers,  possesses 
very  great  anti  prominent  advantage*  By  screwing 
tlie  long  leatiier  tube  and  fire-j>ipe  of  the  common  engine, 
in  a  few  minutes  converted  into  an  effective  fire-engine. 
,  whoever  pcjssciises  one  may  be  said  to  have  a  con- 
teniost  domestic  apparatus  against  fire.  Three  men  can 
WQtk  it,  one  to  turn  the  winch^  another  to  direct  the  fire* 
pipe,  and  a  third  to  supply  the  water. 

4.  The  Farciug'pump  is  represented  in  fig.  225. 

ft  rabn  «*airr   tiimii^h   tho  1k»x   H,   not  \ix  the  samo  muniier  as  the 

mdusf  or  lifting  pump  does,  when  the  plunger  or  piston  g  b  lifted  up 

Iff  t^  md  D^f  out  ihJH  nlurigw  or  Torcer  hiia  no  hole  through  il,  to 

lit  iliK  watrf  tr  the  barrel  IJ  C  grt  above  it,  vrben  it  is  depressed  to  B ; 

tch  row  by  il»e  »iic«*nl  of  il>e  water  through  the  bo»  H 

WHS  draY«n  up)  fiilU  doMn  and  stops  the  hole  in  II 

IK  r;u'»<.^  lo  iLH  i^rt^atest   height.     Tbcrefonj 

Axu^Lx  n  and   the   box  H  can   neither  g#t 

'—   '4    again  into  the  lower 

cavity  around  U  into 

]\  at  \\  the  water  \% 

iiinger,  and  driven  into 

•  I  P»  it  opens  Uie  vilve 

I  l>ev;ii»»  io  be.raiicd,  because  th« 

of  the  Talvc  tlicn  ceajies. 

Tl*t  Hitei  Ltiii^  thus  torttd  mio  the  air-vcssel  R  K,  by  repeated  nrok«s 


iij"iM  ill  df* 
but  hiu  a  fi 


jom  UAtmumT. 


»  fis«d  an  inverlfld  piMon  B  D,  with  its  bucket  and  voire  ttfMici 

at  D.    Upon  iLe  tup  of  the  bairel  there  goes  off  a  part  F  R,  either 

lo  the  barrel,  or  movable  by  a  ball  and  socket;  but  in  rilher  case 

«]id  all  tight.     In  this  part,  at  C,  is  a  fixed  raive  opr  ■  -  —   -v^-ri- 

VTHletit  that  when  the  piston  frame  is  thmat  down  ini' 

D  descends,  and  the  water  below  will  rush  up  througl,      .  '  ...l  u, 

above  the  piston;  and  that,  'vvhen  the  frame  it  lifted  up,  the  piston 

the  *vater  through  the  valve  C  up  into  the  cistern  P,  there  to  luo 

sjiout.    The  piston  of  thi«  pump  plays  below  tlic  surface  of  the 

Mr,    Martin  has   described  a  mercurial  putnp«  wliidi   works   by 

lvw»  invf Tiled  by  Mr.  Hoskrns,  and  perfected  by  Mr,  Dcsaguliera ; 

KtiflT  pump  of  the  lifting  sort,  invented  by  Meisrs,  Cosset  and  13e 

lie,  and  vt  up  in  the  king  of  France's  garden  at  Paris,  the  ptston 

flibich  works  without  friction. — Phit.  Brit,  vol.  ii,  p.  57,  kc,  ed.  3. 

>;?  pump,  the  first  of  all  tlie  kiudgj  acts  both  by 
iKikion. 

fa  ttruciAifr  and  action  are  as  follows:  A  brass  cylinder  A  BCD,  fig. 
IW,  fttmul)ed  with  a  valve  in  L,  is  placed  in  tlie  w^ter.  In  this  is 
lUtt)  sn  ♦:fiiboliis  M  K,  made  of  green  v»ood,  which  will  not  swell  in  the 
ind  ndit!*i*M  to  the  apeiture  of  the  cylinder  with  a  covering  of 
^\ve.  In  H  is  fitted  on  another  lube  N  U,  with 
in  I. 
i  K  bcinR  raised,  the  water  opens  tliC  valve  in  L,  and 
r  the  cylinder;  and  when  the  same  embolus  h  atpiin 
t:  N*iM.-  I  is  opened,  and  tlic  water  driven  up  lliroagh  tht 


mhh 


i^cd  among  Utc  ancients,  and  that  from 
.  rs  are  deduced.     Sir  S,  Morland  baa 
to  increase  its  force  bv  lessening  the  friction, 
>  done  to  good  effect,  insomuch  as  to  make  it 
)r<irk  witiiout  almost  any  friction  at  all . 

7.  In  1813,  the  Society  for  the  EncoumgLinent  of  Arts 
poicmd  a  silver  medal  on  Mr,  John  Stevens,  for  nn  ini- 
imttfUieilt  in  the  construction  of  the  forcing-pump,  by  which 
19  h  cimbled,  at  a  comparatively  trifling  expense,  to  raiise 

from  a  well  66  feet  below  the  surface  of  the  ground* 

Tie  irhole  expense  of  the  pump  and  apparatus  was  25/. 
The  lower  part  of  the  oump-tree  is  four  inches  in  the  bore. 
le  kiwer  nart  of  the  rod  which  passes  through  the  stuffing- 
eat  18  made  of  bmsa  j  the  elbow  and  upper  pump-trees  arc 
^  a  two-inch  bore,  and  may  be  easily  made  of  any  kind  of 
It  may  albo  be  made  to  act  as  an  engine  to  extin* 
lirtif  by  Ihe  addition  of  aii  mr-tighi  veisel  aud  pif^e  to 
►er  part, 

c  drawing  is  introduced  a  cap  and  screw,  in  preference 

acrewing  it  to  the  nozle  of  the  pump,  as  it  is  stronger 

"  more  to  be  depended  upon ;  and  when  th<^  M-ater  is  tt»  be 

a  gisat  height,  a  screw  is  also  recommended  to  be 

•  2 
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niade  to  fit  the  nozle,  that  evetj  thuig  may  be  alwm  readjr 
for  imuiediate  use.  The  work  or  this  pump  is  not  liable  to  mf 
injured  by  frost ;  and  when  the  well  iv  of  conuderable  depth 
a  braas  or  metal  barrel  for  the  piston  to  work  in  should  be 
adopted. 

Figr.  228  is  ft  flection  of  a  well,  in  which  ft-  pomp  of  this  kind  ii  find ; 
A  A  represents  th*  mxhct  of  thie  ground,  ftna  B  B  the  brickwork  of  the 
well,  in  which  the  water  stftnds  fti  tlie  level  C,  ftnd  is,  by  the  pump^  to  be 
raised  to  the  surface  A  A. 

D  is  the  lever  or  handle  of  the  pump,  which  has  the  rod  «  jointed  to  il, 
and  desecnding  to  the  pump ;  the  rod  is  made  of  wood,  in  several  lengths, 
which  are  united  by  joints  of  iron,  in  tlie  manner  shown  at  fig.  229 ;  the 
wooden  rods,  a  a,  being  capped  with  iron  forks  b,  which  include  the  ends  of 
them  and  are  rivetted  fast;  the  ends  of  the  forks  axe  joined  together  te 
connect  the  several  lengths. 

£  is  the  working  barrel,  or  chamber,  of  the  pump,  in  which-  the  bucket 
works ;  this  jnrt  is  formed  of  a  tree,  bored  throu^  and  having  a  prqiectins 
bnndi  e,  which  is  likewise  bored  obliquely  to  the  barrel,  and  fenns  the 
forcing  pipe ;  in  tlie  bottom  of  the  barrel  the  suction-valve  is  aitnaled,  being 
at  the  top  of  tlie  suction  part  of  the  pump,  which  is  bored  with  a  smaller 
auger  than  the  working  chamber,  which  is  also  lined  with  a  brass  tube, 
where  the  backet  works.  The  top  of  the  barrel  is  covered  by  a  metal  lid, 
r,  (see  figs.  230  and  231,)  which  has  a  stuffing-box  in  the  centre  to  receive 
the  metal  cylindrical  part  of  the  pump-rod  A ;  to  the  lower  extremity  of  this 
the  backet  a  is  fixed.  The  metal  lid  consists  of  a  ring,  which  is  sciewed  to 
the  wooden  barrel  by  five  screw-holts,  passing  through  as  many  ean,  pro 
jccting  from  the  circumference  of  the  ring ;  tHey  have  eyeii  below  to  hook 
upon  pins,  which  are  fixed  in  the  wood,  but  project  sufficiently  for  these 
belts  to  hold,  and  are  formed  into  screws  above,  so  as  to  bold  the  rin^ 
fmnly  down,  by  means  of  nuts  screwed  upon  them.  Tlie  movable  lid  of 
the  pump,  which  has  the  stuffing-box^  formed  in  the  centre  ofit,  is  scniwed 
to  the  rins  by  five  screws,  and  these  can  be  taken  out  to  remove  the  lid', 
and  draw  up  the  bucket,  when  it  requires  to  be  leatliered. 

F  is  the  forcing  pipe,  formed  of  as 'many  pieces  of  wooden  pipes  as  are 
required  to  make  up  the  length ;  they  are  united  together  by  making  the 
upper  ends  conical,  to  enter  a  similar  cavity  made  in  the  lower  end  of  the 
ncxr  pipe ;  the  lowest  piece  fits  upon  the  extremity  of  the  projecting  braach 
«,aBd  a  valve  is  proposed  to  be  put  in  the  pipe  at  this  jpmt,  to  prevent  the 
return  of  the  water,  and  bear  part  of  the  weight  of  the  column  from  the 
lowest  valve  at  /;  the  upper  end  of  the  pipe  has  a  spout  i,  at  which  the 
water  is  delivered. 

M  is  a  second  spout,  fixed  into-  the  pipe  lower  than  the  former;  it  has  a 
screw  by  which  it  can  be  united  to  a  hole,  or  leather  pipe,  to  convey  the 
water  to  a  distance,  or  by  means  of  a  jet,  or  branch>pipe,  to  throw  it  in  the 
manner  of  a  fire-engine ;  m  this  case  the  upper  spout  i  must  be  stopped  up, 
by  r«ciew-plag  or  cap ;  and  there  is  a  copper  air-tight  vessel  H,  situated 
at  the  top  of  the  pipe  F,  to  equalise  the  pulsative  motion  of  the  water  as 
thrown  by  the  pump. 

K  is  a  bracket  fixed  to  the  pipe  F,  and  projecting  over  the  centre  of  the 
pump,  where  it  has  a  hole  to  receive  the  pump  rod  A,  and'  guide  it  steadily 
in  its  motion  up  and  down,  that  it  may  not  wear  the  stufling>box  away  on 
one  side.  As  the  wooden  tubes  of  which  the  forcing-punp  F  is  composed 
may  be  made  from  waste  or  crooked  timber,  it  makes  a  great  diflRnence 
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\h»  ioftt  [M-iee  lif  mdh,  and  ihat  of  tbi-  stiaigot  trees  neotssMy  ifff, 

■ps.     A  wdodtn  pTug  may  be  chained  U>  the  pitm]m  betwm 

itf  or  Dotlet  M  and  I,  so  aa  be  ready  to  stop  that  whtch  it  not  wanted 

Mr.  Stephens  is  of  opinion^  that  it  is  better  to  j  lace  the 
/above  the  level  of  the  <('ateriti  the  well. 
Mr,  William  Tyror,  of  Iiveq>ool,  took  out  n  patent  in 
I,  i 81 9,  for  certain  improvements  in  the  constructidn 

pninps,  aiid  in  the  machinery'  for  working  the  name. 

bifl  iaproreiD^nt  consists  in  having  four  biuM  ciiambers,  m.irk^  F  P  T, 
t3S,  joined    together  by  means  of  brecch-piecea  with  screws,    and 
"  across  the  joints ;  Chc^e  breech-pieces,  nt^rki^  Q,  Q,  b«<ing  cast 
,  «r  an^  other  BuilJhk  metal.     VVhe«  ihesu  are  complete,  P  I*, 
i>  plAoedupon  the  breech*piecc  Qq^  fig.  2li4,  and  bothofthKfn  iim 
or  under  a  box  or  fmme  suitable  for  the  purpose. 
box   or   (Inmie,  tij{.    238,  i*  furnished    with   ir-igM    bmss  groowa, 
fastened  to  the  sides  with  screws;  and  a  crank,  or  fuur  cranki  in 
*:  ^jul  of  each  side  of  the  same  p»ece  of  tquare  iron  or 
';\l,  oi>e  up»  one  down,  one  in  front.  Aud  one  in  back, 
c.  .  ,  L    -vr  crankit,  is  tixed  two  !f"^«l'   •"■.<    .>.rM,.r,   wf^^r*  l 

H  dista  to  allow  two  wheels 

tUciOfllP  lo  stait't  !  iheni,  so  that  the  era i. 

tbn  other  wheels^  marked  C  and  E.     TUv  whccb  D  und  ¥  are 

hrX  on  the  enmks  A,  A,  by  means  of  a  screw  or  pm,  and  the  wheeb 

C  tod  ttnd  close  togeilier,  slide  to  and  tVu  upon  ti^e  square  end 

if  th«  y  means  of  the  ^imdo  or  ^lidine  geer  V,  which  is  fixed  iti 

tKTOO^e  lururu  ottt  of  the  nave  of  tl>e  wheel  C,  by  means  of  a  clip  and  two 

faidi  telfQ  it  andemeaih,  and  rests  in  tlie  notehcs  (ixed  ai  tht 

of  Ibe  box  or  frame,  for  the  end  of  the  )?UMie  or  ^reer  to  rest. 

Tilt  BOidMi  art  three  in  number  on  each  $tde  of  the  box  or  frame  W. 

Hie  one  ivilmt  from  the  wheel  has  the  gi;ide  \,  drawn  back,  with  the 

E  upon  Uie  small  wheel  F.     By  moving  the  guide  into  the  middle 

wheels  C  and  E  are  kept  between  the  wheels  D  and  F :  and  the 

tiie  w^teels  yiude^  (he  wheel  C  on  t}ie  Uurge  wheel  D,  so  tJiat 

ii  much  greater  when  forcing  or  drawing  watcf  from  a  great 

iho  wheels  C  and  £  are  placed  m  the  s]>ace  between  the  lower 

tht  handle  ia  moved  from  the  upper  axle  U,  and  placed  upon  tJit 

*     ouik  A  At  and  the  pump  is  worked  witiiont  the  riftiitiinT  of 

_  ai  occasion  may  require.    The  machinery  a  furni-h*"!  «r.t»,  ^^ 

rwia,  maikod  B  D  B,  for  the  purpose  of  Itxing  to  pear 

'  ngtog  rods,  by  means  of  a  joint  and  pin  and  boi  r ,  .  t>ow 

•quare  ^bcroia  in  the  inside,  so  at  to  give  the  roikr-step  a  ^ 

"^sents  the  rollinfr-«t«p»  which  is  formed  of  two  pieces  of 

df  round,  of  a  tliickncss  accordinj^  to  the  strength  or  sire  of 

wadbinerir ;  and  Ibe  other  round,  like  a  wheut  or  &heave  in  R>rni,  atMl  uf 

BBS  duoitieM  as  the  other  half.     This  round  sheave  or  wheel  is  cut  half 

tht  middle  edgeways,  and  the  piece  is  then  cut  off,  and  a  dovetail 

down  the  width  in  proportion  to  the  crank.    Tlie  other  half  is  then 

ta(«tb«  pi»f  ff'TTi  whence  the  larger  piece  has  been  cui,  and  hotVi  of 

aaa  held  t.  means  of  two  screws;  and  the  sheave  • 

iathe  fcrrm  p«.<ara]ice  before  it  was  cut<    A  liioir  is  rui  ^         la 


L 
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thnmgh  the  ceotiv,  and  it  ir  fixed  upon  the  before  mentioiied  enak  m 
cnnks.    Y,  in  fiff.  336,  represenU  the  Uiger  half  of  thii  gtep;«id  X,fe  , 
237,  lepraients  the  tmaUer  hal^  with  the  dore-tailed  tfandnp  upon  1^  \ 
which  nils  up  the  vacancy  or  room  that  is  made  in  the  laige  hilf  fa  kdt^ 
it  upon  the  crank. 

The  endsof  each  key-bow  is  set  in  the  groofes,  000,  ftff.238,iililhe|ih 
bow  rods,  B  B  BB,  work  through  holes  in  the  bottom  of  a6  bM,  IbriiKI 
purpose  an  iron-|date  or  base  is  formed  with  foiir  holesy  8S  S^  1t§..W^ 
;UMl  is  filed  at  the  bottom  of  the  .box  or  frame  with  scresrs.  TIm  iSi^lf 
being  fitted  into  Oie  holes  in  this  plate,  keep  the  sCrokie  ot  die  pnap  f^ 
pen&nlar,  iriiile  the  step  rolls  backwards  and  forwards  in  the  kagMNii^  ii 
flwj  axe  forced  wp  apd  down  by  the  cranks  moving  or  turning  akHpflll^ 
round. 

When  this  machineiy  is  applied  over  a  forcing-pump,  or  pUeedeitta 
fire-engine,  it  causes  a  greater  quantity  of  water  to  be  dischaiged  faB.#l 
cistern  or  engine,  and  as  it  is  very  powerful,  it  is  highly  necenaiT  ttilft 
should  have  a  cock  of  a  superior  size,  to  let  more  water  pass  throagii  ii  Al 
same  time  than  ordinary ;  for  this  purpose  Mr.  Tyror  makes  tM  UM^ 
or  that  part  of  the  cock  where  the  key  or  stop  goes  in  on  one  side^  **^  « 
there  is  but  one  stop  to  the  plug  or  key,  the  stop,resting  in  that  notlki  « 
overhangs  the  side,  admits  of  room  for  a  full  sized  water-way  to  M  flB»  ] 
ptotdy  uuousfa  it,  without  causing  the  water  to  have  any  babUa  m  a$ 
as  it  passes  trough  the  plug. 

Rcttrence  to  the  figures : 

Fig.  240  represents  aside  view  of  the  cock. 

Fig.  241,  a  top  view  of  the  same. 

Fig.  242,  the  plug,  with  the  water-way  cut  out. 

Fig.  243  represents  the  crank,  with  the  tooth  and  pinion  ithtA,  uAlk 
rolling  steps. 

Fig.  244,  the  upper  axle,  with  the  improved  plan  of  the  sliding  ner. 


¥1g.  245,  the  spdir  box  and  rod  in  the  form  of  the 
the  luy-bow  rod,  when  applied  for  shipping;. 
Fig.  246,  a  front  view  of  the  pump  standing  upon  a  ship's  deck. 

9.  Mr.  Richard  Franklin  has  been  rewarded  by  the  Sock^ 
of  Arts  for  effiecting  certain  improvements  in  th6  lifting  M 
Ibrdng  pump,  bv  which  water  can  be  conveyed  into  a  aileni 
at  the  top  of  the  house,  to  supply  ail  the  drcttdng-iMMBib 
water-closets,  &c. 

A  section  of  this  pump  is  gii^n  in  fig.  2^. 

AA  are  two  pistons;  on  the  upper  iacc  of  each  is  a  double  vAlve,  vvf  f  I 
the  upper  piston-rod  passes  through  the  stuffing-box  B,and  the  toact 
throu^  the  stuffing-box  C.  S  is  the  suction-pipe,  and  D  the  diMteigiBf 
pipe. 

Fig.  248  is  an  external  vie#  of  the  pump ;  «  e  e  the  lever  or  hftiAfe;  F 
the  fulcnun,  on  which  the  handle  moves ;  O  G  is  the  pump-cylinder;  *  ^ 
the  wheels  which  revolve  between  the  standards  sxxs,  and  whkh  ooadael 
the  piston-rods  parallel  to  the  cylindM ;  ep  the  condncting-rod,  tihidk  tMk 
*eys  the  motion  of  the  handle  to  the  lo^er  piston;  eo  the  condubtiii||fsit 
which  gives  motion  to  the  upper  piston.  It  is  evident,  when  the  hmk  ff 
lever  is  lifted,  that  the  upper  piston  is  pressed  down,  vA  the  lo#er  pisioBil 
at  the  same  time  elevated,  with  its  valves  shut,  which  forces  the  wiW 
Ihroogh  the  upper  piston  and  the  dischargiag-pipe  at  the  tame 
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Alii  when  the  luijJk  ;»  p:  .:4<««d  tic^s,  tl.e  uj^t  piston  rises  mith  its  ralws 


and  the  water  in  it<»  asctn^on  !«  iorred  throoch  ihe  diMhannn«:- 
pipe;  at  'Jie  same  ume  the  lower  y-jsion  de$ceocU.  by  vhich  action  itsTalves 
are  opeoedy  and  introduiics  a  Aipply  ct  water  £<iual  to  the  coateoU  of  tht 

aliader,  minus  the  capiouy  ct  K»th  piftocs.  The  peculiar  advantages  oi* 
is  pump  with  double  pt^tcns  are,  that  wuh  a  six-inch  stroke  it  discliatt^es 
a  «|aBBtitj  of  water  equal  to  iweWc  inches  of  the  cylinder :  and  so,  in  this 
pfvportion.  by  alway»  doubiin?  the  quantity  of  the  stroke,  whatever  it  may 
be;  and  thus  fumt>hin7  a  product  just  equal  to  two  common  pumps  of  the 
•yna  stroke  and  cipacity  of  cylinder,  and  ctrtaiuiy  with  less  than  a  pix>- 
portioDable  friction  and  expense. 

10.  Tbc  jMtmpsthaLt  are  usunlly  employedybr  araining  miMes 
Imve  many  inconveniencies,  the  pnncipal  of  which  we  shall 
hcfe  proceed  to  describe. 

1st.  As  it  is  n^ce^tsary  for  the  pumps,  whilst  siukine,  to  keep  the  watiM 
vmy  low  in  the  pit.  the  eneine  fr(H)ueniIy  goes  too  fast,  in  consequence  oi' 
the  pmnp  drawing  up  air,  and  carries' up  by  the  violence  of  the  current 
small  pieces  of  stone,  coal,  or  other  substances,  and  lodges  them  above  tl:c 
bucket  upon  the  valves,  which  must  considerably  retard  the  working  of  the 
pumpr  and  wear  the  leather. 

2dly.  When  the  engine  is  set  to  work,  (after  having  been  stopped  whilst 
working  upon  air,  and  consequently  a  quantity  of  air  reniainine  in  the  puin|)- 
barrel,  witii  tlie  small  ^tones,  &c.  (le{>osited  on  the  valves  of  tlie  buck«rt,N  it 
often  happens  that  the  compressure  of  the  air  by  the  descent  of  the  bui  kt-t, 
is  not  suflocient  to  overcome  the  weight  of  the  bucket-vaUvs  so  loaded  %i  ith 
rubbish,  and  the  column  of  water  in  the  stand-oipis ;  the  pump  is  thereby 
pTe%ented  from  catching  its  water.  The  usual  remedy  for  this  is  to  draw 
the  ht'cket  ont  of  the  working-barrel,  until  a  quantity  of  water  has  esca|HHi 
by  its  sides  lodbplace  the  air;  this  evil  often  arises  from  the  unnecessaiy 
macnitudeofthe  space  between  the  bucket  and  the  clack. 

3dly.  Hie  pumps  being  suspended  in  the  pit  by  capstan  ropes,  for  the  pur- 
pose of  readily  lowering  as  the  pit  is  sunk,  the  stretching  of  the  rojH's 
(espenally  when  sinking  in  soft  strata)  occasions  much  (rouble,  by  sufleniu^ 
the  pump  to  rest  on  the  bottom  and  choke ;  but  the  most  serious  evil  i^, 
that  the  miners,  in  shifting  the  pump  from  one  place  to  another,  that  they 
may  dig  in  all  parts  of  the  pit,  throw  them  very  far  out  of  the  periH>ndiciil:ir, 
thereby  causing  immense  friction  and  \%t'aring  in  all  |Kirts,  besides  endan- 
gering the  whole  apparatt:^,  by  breaking  the  bolts  and  stays,  and  ^truiiiiiii; 
the  joints  of  the  pipes. 

These  inconvenicneies  have  been  obviated  by  Mr.  Willinni 
Brunton,  of  Butterley  Iron-works,  in  Derbyshire,  who,  to 
ftToldthe  pump  drawing  air,  has  hitroduced  a  side  pijie,  coii- 
nectiDg  the  parts  of  the  working-barrel  which  arc  above  and 
below  the  bucket,  which  pipe  has  a  stop-valve,  Uiat  the 
miners  can  regulate  with  the  greatest  case,  so  as  to  keep 
the  engine  to  its  full  stroke  witliout  drawing  air,  by  letting 
down  the  water  from  the  upper  part  of  the  barrel  nito  the 
lower,  so  that  it  is  working  again  in  its  own  water.  Instead 
<of  having  the  whole  weight  of  the  lower  lift  of  pumps  stand- 
ing on  the  bottom,  it  is  fixed  in  the  pit  by  cn)6«  bcanib,  and 
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the  niiiicr  lias  only  to  lift  aiid  move  au  additional  pipe  or  wind- 
bore  which  slides  upon  the  lower  end  of  the  pump  like  a 
telescope,  to  lengthen  down,  and  this  additional  wind-bore  is 
besides  crooked,  and  turned  aside  like  a  short  crank,  which, 
by  the  fieunlity  with  which  it  turns  round  in  the  leather  cdUar 
about  the  nose  of  it,  can  easily  be  removed  into  every  fresh 
bole  which  is  made  in  the  bottom  by  the  miners.  The  pumps 
are  supported  in  the  pit  by  beams  placed  across  at  proper 
distances,  so  as  to  suit  the  lengths  pf  the  pipes,  or  lengths  of 
the  pump,  which  are  nine  feet.  Short  pieces  are  laid  across 
these,  widi  half-circular  holes  in  them,  which  being  put  round 
the  pump,  just  beneath  the  flaiichcs,  iirmly  support  its  weight, 
but  may  quickly  be  removed,  when  it  is  required  to  lower  the 
pumps  in  the  pit ;  and  as  Uiey  are  not  fastened  by  any  bolt 
they  do  not  prevent  the  pumps  being  drawn  upwards,  if  it 
becomes  necessary  to  take  out  the  pumps  when  the  pit  is  full 
of  water. 

The  pumps  by  these  means  remain  stationary,  and  the 
suction-pipe  lengthens  as  the  pit  is  sunk,  until  it  is  drawn  out 
to  its  full  extent ;  the  whole  column  is  then  lowered  to  the 
neict  stanches,  and  another  pipe  is  added  to  the  top.  The 
pumps  being  thus  kept  stationary  till  nine  feet  are  sunk,  the 
pipe  at  the  top  will  of  course  deliver  the  water  at  the  same 
level  at  all  times,  and  instead  of  being  obliged  to  lenf^then  the 
column  at  every  yard  sunk,  it  mil  only  be  necessary  every 
nine  feet. 

rig.  249  explains  the  construction  of  Mr.  Brunton*s  pump,  being  a  sec- 
tion LhTOU{;h  the  centre  of  the  working-barrel  and  suction  piece.  A  i.s  the 
floor  which  unscrews  to  get  at  the  clack  of  the  pump ;  B  is  tlic  working- 
barrel  with  the  bucket  D  working  in  it ;  £  is  the  clacK,  also  shown  in  fics. 
250  and  25t ;  F  is  the  suction-pipe,  and  G  G  a  movable  lcngtlienin«  piece : 
this  slides  over  and  includes  the  other  when  the  pump  is  first  fixed ;  btit  as 
the  pit  is  sunk,  it  slides  down  over  the  pipe  F,  to  reach  the  bottom.  The 
outside  of  the  inner  pipe  F  is  turned  truly  cylindrical  and  smooth,  and  the 
inside  of  the  outer  pipe  G,  at  the  upper  end  for  about  six  inches  down,  is 
made  to  fit  it.  The  junction  is  made  perfect  by  leathers  being  placed  ia 
the  bottom  of  the  cup  uoy  which  holds  water  and  wet  clay  over  them,  to 
keep  then  wet  and  pliable,  and  consequently  air-ti^ht.  The  lower  ex- 
tremity of  the  juction-pipe  0  terminates  in  a  nose  R,  pierced  with  a  number 
of  small  holes  that  it  may  not  take  up  dirt.  This  nose  is  not  placed  in  a 
line  with  the  pipe,  but  curved  to  one  side  of  it  like  a  crank,  so  as  to  describe 
a  circle  when  turned  round. 

By  this  means  the  miners,  by  turning  it  round  upon  the  pipe  F,  cm 
always  place  the  nose  R  in  the  deepest  part  of  the  pit ;  and  when  they  dig 
or  bbut  a  deeper  part,  tliev  turn  the  nose  about  into  it,  the  sliding  tnbe 
lengtliening  down  to  reach  the  bottom  of  the  hole,  as  shown  in  the  ngure. 
By  this  means  there  is  never  a  necessity  to  set  a  shot  for  blasting  so  near 
the  pump  foot  as  to  put  it  in  any  danger  of  being  injured  by  the  explosiop* 
as  i.s  the  case  of  the  common  pump,  in  which  this  danger  can  only  be 


AXD  MACIHNIST. 

Iij  siofiQf  ll»  puxop  foot  to  one  side  of  the  pit,  -mhkdti  oeceaMnty 
Uiiwwt  iht  «hok  4»lttBin  of  pumpt  otu  of  tha  pcrpcndiculiir. 
lift  ijftMttMrlino  of  tbe  Aadt  u  explained  bv  figure  250  and  25i,  th« 
ft  tectioOf  tnd  the  tatt^  a  plan.  L  L  b  a  caM-iroo  ring,  fitting 
wit  m  the  bottom  of  the  chamber  of  the  pump,  as  shown  iu 
fic«  M9 :  it  ha  two  ftems,  1 1^  rising  from  it  to  support  a  second  iion  ting 
MM  t  JMl  baniealli  thia  a  bar  tn  extends  acroo  from  one  stem  to  mMAtt^ 
■ad  n*  twn  Mfews  tapped  through  it ;  these  press  down  a  Mcond  ctoie 
bu  «,  which  holds  the  leather  of  the  Talves  down  upon  the  cro&»  bar  of  the 
tmg  Ly  end  this  mak»  it  fast,  forming  the  hinge  on  which  the  double  valves 
««a«  witlMia  the  oecetsity  of  m^mg  any  holes  through,  as  is  oonunon :  but 
Iht  dbkf  admlag^  is,  tliat  by  this  means  the  dadt  can  be  repaired*  and  a 
new  lather  put  in,  with  &r  less  loss  of  time  than  at  present,  an  object  of  the 
fvcsiavt  tropoctance ;  br  in  many  situations  the  water  guthers  so  iaat  in  th« 
pit,  ikst  tf  the  dack  fiuls,  and  cannot  be  quickly  repaired,  the  watet  rises 
ini««  Cite  dack  door,  so  as  to  nreTent  any  access  to  it,  and  ih^re  if  no 
to  the  ooDXDon  pump  out  drawing  up  the  whole  pile  of  pumps, 
a  aaod  ledioua  and  expensive  operation. 
Biiuiton*a  pomp,  the  clack  can  at  any  time  be  drawn  out  ot  it,  by 
Lwinf  out  the  bucket^  and  letting  down  an  iron  prong  Z,  which  has 
the  outside  of  its  two  points;  this,  when  dropped  down,  will  foil 
ting  M,  and  its  prongs,  springing  out,  will  catch  the  under  side,  and 
hst  enoogh  to  draw  it  up.  Anodier  part  of  Mr.  Bmntoo*s  ini proves 
■siiCa  in  the  addition  of  a  pipe  II,  (fig.  249,)  which  is  cast  at  the 
K  with  the  barret,  and  communicates  with  it  at  top  and  bottom, 
jim  aliove  Che  duck ;  at  the  upper  end  the  pipe  is  covered  by  a  fiat  sliding 
p^fy  mlikb  can  be  moved  by  a  small  rod  b,  paasins  through  a  collar  of 
IffrtlhrT  ;  lb*  rod  hia  a  communication  by  a  tever,  so  utt  the  valve  c:m  be 
ot  list  by  the  men  in  the  bottom  of  the  pit. 


The  ofried  of  this  side  pipe  is  to  let  down  such  a  propor- 
iion  of  lac  water  wliich  the  pump  draws,  as  will  prevent  it 
lirMring  air;  though^  of  course^  tlie  motion  of  the  engine  will 
be  io  wdmpUd  m  not  to  require  a  great  proportion  uf  Uie 
water  to  w  thus  retnnicd  through  the  side  pipe  ;  yet  it  will 
nut  be  poaaible  to  work  the  engine  so  correctly  as  not  to  draw 
aome  without  this  rontritiince  ;  and  if  it  does,  it  draws  up 
tmnch  tHrt  and  pieces  of  stone  into  the  pump,  besides  causing 
the  Engine  to  work  very  irregularly,  in  consequence  of  partially 
loaiiig  its  load  every  time  the  air  enters  the  pimip.  Another 
MTiioe  of  the  «ide  pipe  in,  to  let  water  down  into  the  ciiambt-r 
of  Ibc  clack  to  fill  it,  when  the  entjine  is  first  «et  to  work,  after 
the  pompfi  have  been  standiog  still,  and  the  lower  part  of  the 
birrel  and  chamber  are  empty. 

U.  Figures  252  and  2.53  are  a  section  and  elevation  of 
a  Aree^barrel  force- purnp,  of  a  very  good  construction,  which 
WWB  uaed  by  Mr.  Snieaton  in  the  numerous  water-engines 
whieh  hr  en*cted  at  Lon do n*b ridge,  Stratford,  and  other 
ptacM,   '^  ly  of  tijwnswith  water.     It  has  the  ad- 

rantag«  being  very  acccs»ible,  und  the  wattT- way 

ju»y  be  ke|ft  to  the  full  size  of  the  barrel  without  contractioiis. 
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which,  as  they  occauon  gi'eat  resistance  to  the  motion  of  the 
water,  are  a  waste  of  po\irer.  It  acts  on  the  same  principle 
as  the  ordinary  forcing-pump,  only  that  three  barrels  are  con- 
nected together  for  the  advantage  of  raising  a  constant  itream 
of  water. 

A  A  are  the  barrels,  which  are  bored  out  truly  cylindricaL  If  the  pump 
is  small,  the  barrels  are  usually  made  of  brass ;  but  for  hu^r  woric,  cast-iron 
is  used.  From  one  side,  near  the  bottom  of  eacli,  proceeds  a  curred  pipe  B, 
turning  up,  and  ending  with  a  flaunch,  to  screw  to  the  under  side  of  the  VHdng- 
chamMT  L  There  is  also,  near  the  bottom  at  the  opposite  side  of  the  barrel, 
a  projecting  neck  or  sliort  pipe  D,  covered  at  the  end  by  a  door  screwed  on, 
that  it  may  be  removed  to  give  access  to  the  valve  m,  in  the  bottom  of 
the  barrel.  The  barrels  have  projecting  rings  or  flaonches,  by  which  they 
are  screwed  down  upon  the  suction-chamber  H,  which  n  common  to  all 
three  barrels ;  it  has  a  pipe  from  each  of  its  rods  terminating  in  a  flaunch  A, 
to  screw  on  the  pipes  wliich  bring  the  water  to  the  pump.  .  The  upper 
flaunch,  or  top  or  the  suction-chamber  H,  has  three  holes  io  i^  one  under 
each  barrel,  and  each  is  covered  by  a  valve  shutting  downwards,  as  is  shown 
jn  the  section,  flg.  252.  These  valves  are  made  of  iron,  to  shut  down  upon 
hinges  like  a  door,  and  are  covered  with  leather  at  the  lower  nde. 

Mr.  Smeaton  made  his  valves  with  the  centre-pin  of  the 
hinge  removed  backwards  from  the  hole  which  the  valve 
covers,  and  it  is  also  raised  above  the  surface  of  the  under  side 
of  the  valve,  by  which  means  the  valve  opens  in  some  degree 
on  that  side  where  the  hinge  is,  as  well  as  on  the  other,  and 
any  obstruction  getting  into  the  valve  will  be  less  liable 
to  be  detained,  and  will  not  have  such  a  great  leverage  to 
break  the  hinge  of  the  valve  when  the  force  of  the  water  shuts 
it  down,  as  it  would  if  the  hinge  vras  on  a  level,  and  close  tu 
the  edge  of  the  hole,  because  the  obstacle  will  not  be  so  nesir 
the  centre. 

TIic  hinge  is  fastened  to  the  pump  by  the  screw  m,  passing  through  the 
metal,  and  screwing  into  the  hinge ;  this  being  withdrawn,  and  the  door  I) 
opened,  the  valve  is  quite  loose,  and  may  be  taken  out  to  renew  the  leather. 
To  give  fiicility  to  this,  the  doors  D  are  made  oval,  as  shown  in  fig.  253. 
Another  similar  valve  n  is  fitted  at  the  top  of  each  of  the  pipes  B,  to  cover 
their  apertures ;  they  are  all  covered  by  a  common  forcing-chamber  I., 
which  IS  exactly  similar  to  the  suction-chamber,  except  that  it  has  noiles  R, 
in  the  top  over  each  %alve,  and  covered  with  doors  to  give  access  to  them. 
The  conducting-pipes  are  carried  away  from  cither  end  of  the  forcing- 
<:hambcr,  flaunches  being  provided  to  unite  them.  Each  barrel  is  itted  with 
a  piston  or  forcer  M,  which  consists  of  three  metallic  plates,  secured  to  tho 
red :  the  middle  plate  is  turned  true,  and  fitted  as  accurately  as  possible  to 
the  barrel ;  the  upper  and  lower  plates  are  somewhat  smaller.  IVo  round 
pieces  of  leather,  larger  than  the  barrel,  are  placed  above  and  below  tibe 
iniddle  plate,  being  held  fast  between  it  and  the  upper  and  lower  plates. 
When  forced  into  the  barrels,  these  leathers  turn  up  and  down  round  the 
upper  and  lower  plates,  forming  two  cups  of  leatlicr,  which  accurately  fit 
the  barrel,  and  will  not  permit  any  fluid  to  pass  by  them. 

The  parts  of  the  pump  are  fasteaed  together  by  screws  and  nuts,  at  will 


AND   MACHINIST.  967 

kt  udanlood  hjf  inspection  of  the  figum.  Hie  whole  pump  is  uipporitid 
•■  two  grmml-eiUs,  and  by  meens  of  two  iron  branches  of  ihe  suction- 
Itesber  Hf  the  whole  pump  b  bolted  down  upon  the  ground-eills. 

The  action  of  this  pump  is  simply  this :  when  the  piston  or 
ioicer  of  one  barrel  is  raised,  it  causes  a  Tacuum  in  it^  and 
the  pressure  of  the  atmosphere  forces  the  water  up  the  suction- 
dpe  H,  (if  not  more  than  30  or  33  feet,)  opens  the  valve  m, 
m  the  bottom  of  the  barrel.,  and  fills  it  with  water ;  on  the 
of  the  forcer,  the  lower  valve  shuts,  and  the  forcing 


fdhre  n  opens,  by  the  water  the  barrel  contained  being  driven 
flnongh  It  into  the  forcing-chamber  L,  and  thence  to  any 
fhoe  whither  the  forcing-pipe  is  carried.  On  the  reascent 
of  the  forcer,  the  lower  valve  tn  opens,  and  the  shutting  of 
the  fbrdng-valve  n  prevents  the  water  returning  into  the 
barrel.  Tlie  three  forcers  work  up  and  down  alternately,  so 
that  while  one  barrel  is  sending  water  up  the  force-pipe,  the 
others  are  lifting  it  up  the  suction-pipe,  and  the  thiid  con- 
tinues the  action  in  tne  interval,  when  the  change  of  motion 
takes  place  between  the  two.  In  this  manner  the  pump  will 
laise  a  very  constant  stream  of  water,  if  the  forcers  are 
wofked  in  a  proper  manner ;  which  is  best  done  by  means  of 
cranks,  placeid  at  such  an  angle  to  each  other,  upon  the  same 
axis,  that  they  will  act  in  due  successbn. 

12.  English  ships  of  war  carry  four  chun-pumps  and  three 
hind-pumps,  all  being  fixed  in  the  same  well,  which  also 
bdooes  the  mainmast. 

Hw  chain-pump  (fig.  254)  is  no  other  than  a  long  chain  A,  with  a  suffi- 
dat  number  of  pistons,  a,  called  buckets  or  saucers,  fixed  upon  it  at  proper 
finances;  it  passes  downwards  through  a  wooden  tube  B,  and  returns 
upwards  in  the  same  manner,  on  the  other  side  D,  the  ends  being  united 
together.  The  chain  is  extended  over  two  wheels,  Band  F,  called  snrockct- 
woeels ;  one  is  placed  over  the  tubes  B  and  D  of  the  pump,  and  tnc  other 
at  the  bottom  in  the  space  between  the  two  tubes  through  which  the  chain 
ascends  and  descends.  By  turning  the  upper  wheel  £,  the  chain  of  bucket:) 
is  pot  in  motion,  and  the  lower  pait  of  the  wooden  tube,  in  which  the  chain 
ascends,  is  lined  with  a  brass  barrel,  in  which  the  saucers  are  fitted.  As 
thej  are  continually  ascending  in  this  tube,  tliey  raise  a  constant  stream  of 
water,  which  runs  off  from  the  top  of  the  ascending  trunk,  and  is  carried  by 
a  tnink  through  the  ship's  side  into  the  sea.  The  pump  is  worked  by  a 
crank  or  winch  G,  fixed  on  the  axis  of  the  upper  wheel,  whereon  several  men 
any  be  employed  at  once ;  and  thus  it  discharges  in  a  limited  time  a  much 
quantity  of  water  than  the  common  pump,  and  that  with  less  incon- 
to  the  labourers. 


13.  The  chain-pump  now  in  use  in  the  navy  is  of  a  very 
improved  construction^  compared  with  original  chain-ptiinps. 
It  was  introduced  by  Mr.  Cole,  under  the  direction  of  Capt. 
Bentinck.  The  chain  of  this  machine  is  simple,  and  not 
pmch  exposed  to  damage.    It  is  exactly  tsimilar  to  lliut  of  the 
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1\rr.rn^Lne.  and  apfiears  tu  have  been  first  appUrd 
to  exhuust  the  witer  f 
..^.^i^-^i.iu^^.     It  has  tlicuce  been  t; .,.*.. ^. .v<.  w 
>y  Capi.  Bentinck,  after  having  received  !^me  n 

udditiona  to  answer  that  service. 

Tb«  liiikj  of  tin:  iliriui   (fii;.  '*-''».''>)  arr-  fMrh  fonnnl  nf  two  tofiif  pIstH 
af  pins  fov 


e  wheels  lo  prevent  it  from  jerking  back  wKipti  c)» 


iler 


Tills  pump  ^rna  a  great  improvement  upon  the  oU  d 
pumps  used  in  ships  before,  in  which  the  ehain  was 
couiplicatctl  a  fiibric,  and  the  sprocket- wheeU  uaed 
it  were  deficient,  in  wanting  si>me  contrivance  to  prt 
chain  from  sliding  or  jerking  back  upon  the  surfai** 
x^iieel,  which  frequently  happened  when  the  1 
charged  with  a  conHilerablc  weight  of  water,  <  i      .>^:ti 
ptimpH  were  violeiiUy  worked.    The  linkB  weretrH.  rKurt 
tlu:  uwku'ard  manner  in  which  they  were  connected,  ex] 
tlirni  t-o  a  I'-rent  friction  in  passing  round  the  wh«*<*U : 
♦  ;       s  ant  to  brCi'ik  or  •  t 

< ,  ,  when  it  wad  extr.        :^  i 

practicable  to  repair  the  cliain. 

Mr.  Cole'ji  pump  is  so  constructed,  that  the  chain 
be  easily  taken  up  and  repaired,  when  broken  or 
witli  bttflaatj  and  it  discharges  a  much  grp*  •-  r;- 
vrater  with  an  inferior  number  of  meo,  as  U[\ 
«f  thin  machine  with  the  old  chain-pump,  :iL     i  i   j 
fri^te,  where  it  was  fuund  that  itu  clVrrit,  ',\  hi"> 
with  the  hitter,  were  as  follows: — The  new  pvi 
men  raided  one  ton  of  water  in  43J  sccoiuU, 
pump  required  i»even  men  to  raise  the  same  quantity  vd 
in  7^*  seconds. 

In  this  experiment  the  chain  of  the  new  pump  was  pui 
ly  broken,  and  dropped  into  the  %vell,  and 
up  and  repaired,  and  set  to  work  again  in  tvio  mini 
mid  a  lialf ;  then  the  lower  wheel  of  the  pump  waa  taki 
to  show   how   reaiUly  it   might  be  cleared  and  re^l 
action,  after  -  <d  with  sand  f  ',  which 

he  p^^rforajL'  uvc  minutes.  ire  odvi 

wkkh,  with  a  seaman,  have  a  superior  consideration  to 
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of  increasing  the  quantity  of  water  which  the  machine  will 
niie,  unless  it  was  in  a  considerable  degree ;  and  indeed  the 
verv  best  pumps  will  not  ndse  a  much  greater  proportion 
lith  the  same  power. 

The  only  alteration  which  has  been  made  on  Mr.  Cole's 
pmnp,  since  its  first  introduction,  near  thiity  years  ago,  is, 
tlttt  they  now  omit  the  lower  sprocket-wheel  altogether,  the 
Mcending  and  descending  pipes  being  so  united  by  a  curved 
metal  tube,  that  the  chain  passes  better  than  if  a  wheel  was 
ued.  The  cranks  are  made  to  take  off,  and  apply,  when 
iinted,  that  they  may  not  be  in  the  M'ay;  they  are  long 
enough  for  thirty  men  to  work  at  once  ;  of  late  it  has  been 
fiopMed  to  add  fly- wheels  to  them.  This  would  'je  attended 
with  but  slight  advantage,  and  several  inconveniences  from 
occupying  that  room  where  the  men  should  stand  to  woiic,  it 
hebg  an  object  to  employ  as  many  as  possible ;  but  if  they 
iR  crowded,  they  only  incommode  each  other  instead  of 
auistittg. 

14.  The  following  simple  and  ingenious  method  of  working 
a  ship's  pump,  when  the  crew  are  either  too  few  in  number, 
ur  too  much  exhausted  to  attend  to  that  duty  when  the  per- 
formance Ik  most  necessary,  namely,  in  a  heavy  gale,  was 
pot  in  practice  with  great  success  by  Capt.  Leslie,  of  the 
nhip  Cieorge  and  Susan,  on  a  late  voyage  from  Stockholm  to 
North   America.    He  fixed  a  spar  aloft,  one  end  of  which 
was  ten  or  twelve  feet  above  the  top  of  his  pumps,  and  the 
Ktlier  projected  over  the  stem ;  to  each  end  he  affixed  a  block 
or  pulley.    He  then  fastened  a  rope  to  the  spears  of  the 
pump,  and  after  passing  it  through  both  pullies  along  the 
spar,  dropped  it  into  the  sea  astern.  To  the  rope  he  fastened 
a  cask  of  1 10  gallons  measurement,  and  containing  60  or  70 
gallons  of  water.    This  cask  answered  as  a  balance-weight, 
and  every  motion  of  the  ship  from  the  roll  of  the  sea  made 
the  machinery  work.    When  the  stern  descended,  or  when 
a  sea  or  any  agitation  of  water  raised  the  cask,  the  pump- 
spears  descended ;  and  the  contrary  motion  of  the  ship  raised 
the  spears,  when  the  water  flowed  out.   The  ship  was  cleared 
out  in  four  hours,  and  the  crew  were  of  course  greatly 
relieved. 

15.  Hand-pumps  have  been  constructed  in  g^eat  variety 
for  the  use  of  ships  ;  and  as  they  are  of  great  utility,  we  shall 
describe  two  or  three  of  the  best. 

The  ingenious  Benjamin  Martin  invented  a  ship's  pumo 
with  two  barrels  drawing  from  one  suction-pump,  so  as  to 
raise  a  constant  stream. 
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lliis  prnnp  hat  to  much  merit,  that  we  have  given  a  section  of  it,  fig*25G. 
Here  A  is  the  suction-pipe,  couducting  the  water  from  the  ship's  hold  up 
to  the  pumpi  where  it  is  enlarged  to  communicate  with  both  barrels  D  I^ 
througn  the  valves  C  C,  in  the  bottom;  £  £  are  the  pistons  of  the  barrels, 
with  double  valves  in  them ;  they  are  not,  like  other  pistons,  fitted  to  slide 
in  the  barrels,  but  are  simply  brass  rings,  in  which  the  valves  are  fitted,  and 
being  smaller  than  the  barrels,  have  large  drcular  pieces  of  leather  fixed  on 
them,  the  outside  edges  of  which  are  attached  to  ttie  insides  of  the  pump- 
barrels  ;  hence,  when  the  pistons  are  moved  up  and  down,  the  leather  folds 
suflScientl);  to  admit  the  motion,  as  is  shown  in  the  figure ;  but  being  close 
all  round,  'these  pistons  can  have  no  leakage  or  friction,  and  only  a  sdnatt 
resistance  from  the  stiffness  of  the  leather. 

To  fasten  the  edges  of  the  leather  piston  to  the  barrels,  they  are  made  in 
two  lengths,  an  upper  and  a  lower,  and  the  leather  is  introduced  in  the 
joint  between  them,  being  half  fast,  and  the  pump  kept  together  by  bars  1 1, 
fixed  over  the  barrels,  and  bolts  to  press  the  upper  length  of  the  barrels 
down  upon  the  lower.  Both  the  barrels  are  included  within  a  box  or  ds- 
tem  B  B,  Axed  upon  the  ship*s  deck,  with  trunks  L  L,  which  cany  oflTtlie 
water  as  it  runs  over  the  tops  of  the  barrels  into  the  cistern.  The  pump  is 
worked  by  piston-rods  li  H,  being  united  by  chains  to  a  wheel  K,  the  axle 
of  which  is  supported  by  standards  from  the  sides  of  the  cistern  B  B,  and 
is  put  in  motion  by  the  double  lever  M,  at  the  end  of  which  cross  handles 
are  fixed  for  several  men  to  work  at  once.  Mr.  Martin*s  pump  acts  ex- 
tremely well;  the  constant  stream  raised  by  the  alternate  action  of  two 
barrels  upon  one  pipe,  produces  an  advantage  tliat  was  shown  by  experi- 
ment, for  the  water  not  only  rises  while  the  piston  rises,  but  continues  to 
do  so  even  after  the  piston  begins  to  descend;  and  therefore  the  pump  was 
found  to  deliver  more  water  than  was  expected  from  the  calcuUition  of  the 
contents  of  the  barrel,  and  the  number  of  strokes  made. 

To  account  forthis,  it  must  be  considered,  that  as  this 
pump  has  both  its  large  pistons  working  (alternately  ascending 
and  descending)  at  the  same  time,  there  must  be  produced  a 
constant  rising  column  of  water  in  the  pipe,  whose  velocity 
through  a  bore  of  five  inches,  to  supply  the  barrels  of  twelve 
inches  diameter  each,  must  be  so  great,  that  it  cannot  be 
checked  or  stopped  at  once,  or  upon  the  first  descent  of  the 
piston  ;  and  therefore  a  surplus  of  water  is  produced.  Not- 
withstanding these  advantages  of  Mr.  Martin's  pump,  it  has 
objections,  which  are  serious  obstacles  to  its  use  on  board 
ships,  though  in  other  situations  it  is  a  good  machine  :  these 
are,  the  shortness  of  its  stroke,  which  renders  it  very  fatiguing 
for  men  to  work  for  a  long  time ;  but  another  more  serious 
objection  is,  that  the  leather  would,  in  general,  remain  dry, 
and  thus  become  liable  to  harden  and  crow  stiff,  so  as  to 
break  into  holes  when  used  at  first,  before  they  become  soaked, 
and  to  M  the  cbtem  first  with  water  would  be  very  trouble- 
some. 

16.  The  latest  improvements  in  hand-pumps  are  by  Capt. 
Jekyl,  R.  N.  This  gentleman  has  invented  an  addition  to  Uic 
pump  of  an  air-vessel,  and  stuffing-box  for  the  rod  to  pass 
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Ihroogh,  by  which  it  will  raise  the  water  to  a  greater  hcif^ht 
than  the  head  of  the  pump ;  and  a  hose  being  attached  to  the 
paiop-ttpout>  by  very  simple  means,  tlic  water  is  conveyed  to 
any  part  of  the  sliip,  and  thrown  in  a  jet  through  a  hose-pipe 
wnk  great  force,  to  extinguish  fire,  if  such  a  calamity  should 
bcM  a  ship ;  asid  thus  the  pump  is  rendered  of  twofold  scr- 
Tice.    The  idea  of  converting  the  pump  to  a  fire-engine  is  not 
neir,  having  been  attempted  in  many  different  ways  by  forcing- 
pomps  ;  but  these  havmg  pipes  proceeding  from  the  lower 
puts  of  the  barrels  and  valves,  which  are  not  very  accessible, 
are  always  liable  to  choke  up  by  obstructions,  and  have  not 
iQGceedcd  in  general  use.    Ihe  air-vessel  has  always  been  hi 
the  way,  if  made  of  a  sufficient  size  to  ansuLT  the  purpose  of 
cqmlizing  the  stream.    Capt.  Jekyl  has  obviated  these  objec- 
doDS,  and  without  altering  the  material  parts  of  the  hand- 
pomp,  has  rendered  it  as  complete  a  fire-engine  as  can  be 


Tliis  is  explained  by  Agure  257,  which  is  a  section  of  tlir:  piiinp  through 
itt  whole  length.  A  B  C  is  the  iron  brake  or  lever  to  work  it ;  it  15  branched 
to  the  extreme  end,  and  has  a  wooden  pole  C,  fixed  in  it,  for  several  men 
to  bold  at  once ;  D  is  the  iron  stanchion  or  fulcrum  of  tlie  bmke ;  it  is  lix(*d 
to  the  pump-head  by  means  of  strong  iron  hoops  at  EK  .md  1'  ]\  vhich  at 
dii  same  ume  strengthen  the  work  of  the  pump.  The  c.-ntre-piii  is  to  lie 
at  the  height  of  two'feet  six  inches  above  the  ship*s  deck.  II  are  the  slinks 
of  the  pump,  united  by  a  forelock  or  pin  to  the  end  of  the  brake,  and  siis- 
padin^.  the  pump-spear  I,  by  means  of  the  joint-piece  f^.  I  K  is  the  pump- 
tfot,  made  of  copper  in  the  uppe:  part  I,  and  the  lower  lengtii  K  of  iron  ; 
i«  latter  has  the  bucket  M  dttacned  to  it.  The  vahe  of  the  bucket  ii  luade 
iha  very  simple  and  effective  miinner.  the  valve  be'inz  merr-ly  a  round  phite 
oThnH,  with  a  bole  through  the  cer.txe,  to  receive  the  ro«i  upon  ^hiOi  it 
riiei  and  Cills,  and  covers  tne  aper.ure  «n  the  bucket.  Tiie  bucket  «<»  a  r;u^ 
tf  biasf,  with  a  cro»!>  bar  to  fix  u^c  rod  in :  it  U  mad*  in.  i^'j  tnirkiies^tes, 
tut  above  the  other,  and  a  cup  ci  iTriher  La  fi*.-M  in  be'-we^;:.  th^.m,  projr-ctin:^ 
iB  round  the  upper  part  cf  il'.e  huil«;t.  ar.d  turr.ir.i*  u;/,  to  n.;ike  a  tijrfit 
ftting  in  the  barrel.  The  two  r.&.s  •.!  :he  r.;cket  are  heM  lovetrier  by  \hff 
pBloo>rod  pa.fsing  ilirouzh  loih.  ir.-i  a  c:c/%s  wed^-e  berteai*..  L  is  the  brajt* 
dboberia  which  the  bucket  i^vrK^  :  ;*.  is  '**:\*  tl'.ted  ifiio  Uje  wood  of  the 
Jiua^tree,  so  that  the  vaU::  ar.:,.'.  i>.ck  '..  .t,  ar.'i  *.-.  L'^:''i  i:l'a*'J.  -a.tK.c- 
lidc. 

!i  isthe  lower  box,  fitted  .co  •--.*  Icvi*.-  part  o?  i}jt  pua-.p^tree,  beneath 
thecbamber;  it  Las  a  groove  rc^rui  1%  i:.vj  wLcrt  c«kttrr.  ::  p.acc^,  and 
^rkn  it  is  pat  down,  makes  a  1:7:.'.  y,iTJ. ;  :a  valve  ;i  of  the  sa-T.e  co^sinx- 
taoB  M  tkal  of  the  bucket,  w:*.h  the  MJd^.cn  of  a  r.u^  or  eye  en  th«  top  of 
*e  pin,  on  which  the  valve  rxs«  «.d  fcJl*.  By  triii  eye'rr-e  V.x  can  l* 
^«n  up  when  it  needs  r*paxr,  '"y  c.-«dra'»:/.r  t.p  ♦«  b'icket  cf  'he  p'^mp, 
ni  pultinf  an  iroo  down  \r.Vj  iLti  *jt.  O  O  P  is  ti^  a-r-ve^te! ;  t.H:t  ti  a 
cylinder  of  s}»eet-copp*.-.  ir.-.iir^.  v.  a  r.v^r  'A  L.-a.?*;  t*  .•:..:*  tr-e  ce&tre  of 
a  is  a  tube  l:kewi?r  '^^..Ur-A  •:  :•.-.  -•.-.*•,  •  :--»•:.  •*  ..'. .  •'-  -  r.:-^'  r-~r- 
jpear  pa^«e3.  and  L*  rr.r«:  :-.  .li  t*.  :•:  ».v.  %  ".'..'.-.: '/  .*<••*:  *  >;  T--Er.* 
To  prevent  the  »*carA  -f  v.*  "^s*--.  .:  :»  ?■:.'.«**:  •»:•.-.  r.e--'^,  «r.d  "wr,  r:  *« 
vlleothcr.    R  sbuw^  ti-  j,^.'.^  '.-'  -.■»'.  ..--.f.  v:.;..  r.v>.-  ".---t' •  i£*  ^*^  ** 
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the  pump,  and  coafiDiog  the  cover  O  O,  of  the  air-Tenel ;  ther  are  fastened 
br  tne  wedges  d;  it  is  by  these  only  that  the  air-vessel  is  held  down ;  a  circle 
of  leather  is  first  put  round  the  air-vessel,  just  beneath  its  lid,  and  this  being 
pressed  upon  the  recess  in  the  wood,  makes  the  joint  tight.  T  is  ^  ptimp- 
noile,  which  delivers  the  water.  When  it  is  used  as  a  fire-engine,  a  bose 
is  fixed  on  by  its  hnk-joints,  and  keys  or  wedges;  the  nolle  is  fixed  to  the 
pump  by  four  screw-bolts  going  thruugh  the  thickness  of  Uie  pump,  and  it 
IS  find  in  such  a  direction  as  will  most  conveniently  lead  to  a  receiver, 
fig.  358,  which  unites  the  hose  from  all  three  of  the  ship's  pumps. 

Fig.  259  is  the  link-joint  .of  the  hose,  T  representii^  tne  pump-spooty 
made  of  cast-iron,  and  screwed  to  the  pump-tree ;  e  « is  the  collar  or  sockct| 
made  of  brass,  with  the  hose  X  bound  upon  it ;  this  has  two  trunnions^  on 
which  a  link /is  fitted,  one  on  each  side ;  these  links  pass  through  grooves 
in  the  cast-iron  piece  T,  and  a  key  g,  put  down  through  the  link  b&nd  it, 
draws  the  ioint  tight,  without  any  screwing  or  further  trouble.  The  socket 
«  e  is  fitted  into  the  noile,  and  has  a  leather  rin|^  to  make  it  tight.  T6e 
outside  of  the  pump  is  to  be  hooped  at  every  three  feet,  to  prevent  it  fion 
bursting  by  the  pressure  of  the  water.  The  disposition  of  the  three  hand- 
pumps  in  a  ship's  vrell,  renders  their  connection  with  a  common  receiver 
very  convenient  to  bring  all  the  water  into  one  stream,  whi<di  will  then  be 
very  powofiil,  and  more  capable  of  extinguishing  a  fire  than  any  movable 
engine. 

Two  hand-pumps  are  always  placed  on  the  starboard  side  of  the  main- 
mast, in  the  well ;  and  one  of  them  being  the  cistern-pump  used  for  washing 
decks,  its  fi>ot  stands  in  a  small  cistern  fixed  upon  the  step  of  the  mainmast, 
and  supplied  yrith  water  by  a  pipe  through  the  ship*s  side,  with  a  cock  to 
admit  it  at  pleasure ;  there  is  one  pump  on  the  larboard  side  of  the  mast. 
Three  separate  hoses  being  united  with  each  of  the  pumps  by  a  link-joint, 
like  fig.  259,  at  one  end,  and  with  three  necks  A  /k  A,  of  a  receiver,  fig.  258, 
hy  similar  joints  at  the  other,  brings  all  the  water  into  one,  and  a  hose  being 
joined  by  a  link-joint,  /,  to  the  opposite  end  of  the  receiver,  conveys  the  whole 
water  to  an^  part  of  Uie  ship.  The  receiver  has  three  nozles,  ft  jk  A,  at  one 
end,  made  in  a  divergent  direction,  agreeable  to  tlie  direction  in  which  the 
hoses  come  from  the  three  different  pumps,  and  a  ^-alve  is  placed  inside, 
before  each  hose,  to  open  inwards,  in  order  that  the  receiver  may  be  used 
for  one  or  two  pumps,  whibt  the  others  are  repairing  or  getting  ready,  or 
that  if  any  of  the  ho^  burst,  the  vrater  may  not  escape  from  the  receiver  at 
the  nozle.  There  are  two  handles  fixed  to  the  receiver,  to  lift  and  cany  it, 
as  it  is  to  be  movable ;  and  when  in  use,  is  proposed  to  be  laid  upon  the 

Sating  of  the  main  hatchway,  as  the  most  central  situation,  from  whence 
e  hose  may  be  carried  in  any  direction.  Z  is  a  branch-pipe  or  jet,  screwed 
at  the  end  of  the  great  hose  a  ;  and  it  also  unscrews  at  the  extreme  end,  to 
fit  on  jets  of  different  bores,  in  the  same  manner  as  all  other  fire-engines. 
In  working,  the  pressure  of  the  water  condenses  the  air  contained  within 
the  receiver,  OOP,  into  a  small  space,  and  its  reaction  to  resume  its 
former  bulk  equalizes  the  cfilux  of  the  water  from  the  nozle  of  the  pump. 

In  some  experiments  which  we  have  witnessed  upon  this 
pump,  it  perfonued  as  well  as  could  be  desired,  a  single  pump 
forming  a  very  effective  en^ne ;  but  when  the  three  were 
combined,  it  was  superior  in  force  to  any  we  have  ever  seen* 
and  would  throw  a  stream  of  an  inch  in  diameter  over  the 
maintopmast-head  of  a  74-gun  ship. 

Besides  the  length  of  the  handle  C  admitting  several  men  to  work  at 
once,  an  accession  of  force  is  gained  by  a  rope  n,  made  fast  to  the  brake  A  B^ 
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ud  eoadaciad  through  a  singU  block  hooked  to  the  deck  at  m,  and  thence 
«loag  tht  ihip's  dedc;  at  this  any  number  of  men  may  be  employed 
VBynlvMitagcovsly  to  produce  the  stroke,  leaving  those  at  the  handle  only 
la  Htvn  it  bj  lifting  the  handle.    If  the  ship  proves  leaky,  and  the  stuffings 


hn  ii  thought  to  be  an  obstraction  to  the  working  of  the  pump,  the  air- 
vhhI  may  be  taken  out  by  drawing  the  wedge  d,  imd  taking  out  the  bars  R, 
vUoonfiiie  it;  then  after  taking  out  the  key  which  connects  the  joint- 

Sg  with  the  copper  rod,  also  removing  the  brake,  lift  out  the  air-vessel 
I  two  screws  of  the  stuffing«box,  and  fix  on  the  joint-piece  again,  but 
li  Ae  gnide-eye  U  in  the  lowest  pair  of  holes,  so  that  it  will  receive  the  top 
tf  the  copper  rod,  and  prevent  the  pump-spear  from  having  any  play  in  the 

In  this  state  it  acts  as  a  common  hand-pump ;  but  the  air- 
ifHd  GED  be  restored  to  its  place,  and  be  ready  for  work,  in 
ItD  minutes. 

To  prerent  any  of  the  work  from  being  neglected  from 
cndessness,  the  inventor  proposes  that  one  of  the  pumps 
tUl  be  always  used  to  wash  the  ship  by  the  hose  and  jet 
crm  morning,  which  it  would  do  much  more  effectually  than 
\j  tne  present  mode  of  raising  the  ivater  into  buckets  5  and 
the  force  with  which  the  jet  of  water  is  thrown  would  very 
oompletely  wash  into  everj'  recess  of  the  gun-carriages^  and 
other  places  where  a  brush  cannot  reach ;  while  by  this  con- 
teit  exercise  the  pumps  would  be  always  ready,  at  a  mo- 
Bent's  notice,  apon  an  alarm  of  fire. 

]7>  Mr.  Robert  Clarke,  uf  Sunderland,  has  proposed  a  great 
jnprDvement  in  the  mode  of  applying  men's  force  to  pump- 
Bg^  which  is  worthy  the  crmsideration  of  seamen.  It  is  to 
diange  the  posture  of  standing  to  sitting,  and  making  the 
Ktkm  the  same  as  that  of  rowing,  which,  besides  that  it  is 
hf  phikisophcrs  considered  as  the  most  efficacious  application 
or  a  man's  force,  it  is  to  seamen  most  particularly  so  from 
their  habitusd  practice  of  it.  He  objects  *to  the  ordinary 
Mtion  of  pumping  with  a  brake,  as  the  posture  is  weak,  and 
leqidres  much  force  to  preserve  it.  It  oppresses  the  man  by 
overstretching  his  loins  on  one  side,  and  incommodes  respira- 
tion by  the  flexure  of  the  body  on  the  other  side.  Too  much 
motion  of  tlie  shoulder-joint  is  required,  as  the  muscles  which 
act  on  the  arm-bone  at  this  joint  are  disprojmrtioiiate  to  ihe 
eflfart  they  must  make  when  the  arm  vibrates  on  tlie  shoaldcr- 
iomt  as  a  centre,  for  the  force  to  be  communicated  by  the 
iuuid.  Besides  this,  the  arms  themselves  are  at  one  instant 
enfeebled,  by  bemg  thrown  over  the  head,  and  requirin|r  a 
pull,  and  the  next  instant  require  a  pushing  effort,  which 
changes  of  direction  in  the  exertion  ana  restraming  force  are 
too  continual  and  rapid  for  long  continuance ;  in  standing 
the  body  is  a  continued  dead  weight  upon  the  legs. 
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llic  action  of  vowing  U  powerful  to  a  surpritdug  degree. 
Mid  so  well  adapted  to  a  man's  ease,  that  he  can  continue  it 
a  greater  length  of  time  without  fati^e  than  any  other  mode 
of  exertion ;  for  though  the  motion  is  large,  it  is  made  up  of 
easy  motions  in  several  joints,  the  velocity  and  resistance 
of  which  suit  the  muscles  employed.-  Very  littie  suitainiog 
force  is  required,  for  the  body  is  supported,-  and  returns 
unloaded  to  its  charge :  the  breathing  is  free.  The  mauier 
of  carr}'ing  this  into  effect  is  very  simple,  the  lever  or  brake 
being  bent  at  right  angles  at  a  certain  pin,  so  that  it  hangs 
straight  down  when  it  is  at  rest,  instead  of  bein^  horizontal ; 
then  to  the  lower  extremity  a  rod  is  jointed,  which  is  carried 
rather  in  an  inclined  direction  upwards  to  the  seaman,  who  is 
seat)ed  before  the  pump  with  a  rest  for  his  feet.  The  rod  has 
a  cross  handle,  to  hold  by  both  hands,  and  in  some  cases  it 
may  be  made  long  enough  for  two  men  to  sit  side  by  side  on 
tlie  same  seat;  and  by  drawing  and  pushing  it  in  uie  same 
manner  as  rowing,  the  perpendicular  lever  is  caused  to  vibrate, 
and  the  horizontal  arm  or  bended  part,  which  suspends  the 
pump-sp.ear,.  partakes  of  the  motion  sufficiently  for  pumping. 

18.  M.  de  Bonaard^  speaking  of  the  pistons  of  pumps,  in 
the  Journal  des  AUties^  states,  that  the  leathers  with  which  the 
external  circumference  of  the  pistons  of  pumps  arc  covered, 
arc  quickly  worn  out  by  the  continual  friction  wHich  they 
wuiergo,  aiMl  the  renewing  of  them  is  an  object  of  considerable 
expense  in  large  mining  undertakings. 

Jliey  hav^  therefore  used  in  Saxony,  for  some  years  past, 
pistons  without  these  external  leathers  in  sucking-pumps, 
and  to  render  the  upper  part  of  the  piston  elastic,  by  com- 
posing it  of  pieces  of  wood,  which  expand  or  open- when  the 
piston  rises,  and  close  when  it  descends. 

To  obtain  tliis  effect,  the  pari  of  the  piston  which  forms  a  bucket,  is 
composed  of  a  system  of  small  movable  pieces  of  wood  aaoj  figures  2CX> 
Mid  261,  cut  obKqnely,  and  disposed  so  as  to  cover  each  other  neariy  hah' 
dieir  br«u)th ;  a  leathei  which  covers  the  upper  surface  of  each  of  these 
pieces^  serves  to  sustain  thern,  and  yet  allow  them  sufiunent  play.  To  the 
under  part  of  the  same,  pieces  of  leather  are  attached,  which  afford  cbem  all 
the  elasticity  that  is  necessar)'.  Tliose  leathers  are  received  into  slits  that 
are  cut  round  the  piston,  and  directed  obliquely  to  its  edges ;  they  are  fixed 
lo  the  pieces  of  wood  by  nails,  the  extremities  of  which  correspond  with  the 
notches  rec,  and  to  the  edges  of  the  solid  part  of  the  piston  oy  the  scrent 
ddd.  By  this  disposition  each  piece  of  wood  is  movable  upon  a  son  of 
horizontal  hinge,-and  when  the-  piston  is  raised,  the  weight  of  the  water  with 
which  it  is  charged^  by  opening  all  these  pieces,  causes  them  to  press  one 
against  the  other,  and  against  the  sides  r  r  of  the  bnrrcl  of  the  pump,  so  as 
not  to  let  any  of  the*  water  escape,  and  lo  produce  completely  the  effect  of 
a  piiiton  furnished  with  leather.    Tlie  interior  edges  of  each  of  the  joints  of 
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the  movable  piecc&  are  covered  two  by  two  witli  leatlier.  ai  at  «««,  iig.  261, 
Bpoi  which  the  weight  of  the  water  acts  as  upon  the  pieces  themselves. 

AH  these  leathers  lost  a  very  long  time,  as  well  as  those  of 
tbe  suckers,  because  they  are  not  exposed  to  any  friction^ 
which  only  acts  upon  the  movable  pieces  of  wood.  When 
tbe  iriston  descends,  the  water  tliat  raises  the  suckers  finds 
M  cuy  passage,  wiUiout  filtering  between  the  piston  and  the 
mterior  of  the  barrel  of  the  pump  ;  an  effect  which  has  this 
additional  convenience,  that  no  dirt  can  be  introduced  into 
tbe  joints,  which  might  afterwards  prevent  tlie  perfect  contact 
of  the  difi^rent  pieces. 

In  1806,  these  pistons  were  tried  in  several  mines  in  Saxony, 
lod  were  found  very  satisfactor}'.  It  was  only  observed  that 
tbere  was  some  inconvenience  attending  the  use  of  them  where 
the  wells  were  much  inclined  3  as  the  pressure  of  the  water 
ibore  not  being  equal  upon  all  the  movable  pieces  of  the 
filton,  those  that  were  least  pressed  upon  let  some  of  the 
nter  pass  between  them.  These  inconveniences  however 
oist  only  in  the  ordinary  pistons. 

In  some  departments  pistons  with  springs  are  sometimes 
uedy  which  are  composed  of  movable  rubbing-pieces,  that 
ire  substituted  for  tlie  leathers  that  are  ordinarily  employed. 
We  know  that  these  pistons  are  used  with  advantage  in  the 
Cffinders  of  some  blowing-engines  ;  but  in  these  pistons  the 
nbbmg-pieces  are  constantly  forced  against  the  interior  sur- 
face of  the  c^'linder  by  the  springs 

Id  the  piston  wiUi  the  flexible  crown  of  wood,  which 
H.  Bonnard  has  described,  the  movable  pieces  of  wood  that 
compose  it  do  not  rub  again^tt  the  interior  surface  of  the 
bsrrel  of  the  pump,  except  when  the  piston  ascends,  being 
tben  pushed  by  the  weight  of  the  column  of  water  that  is 
nuseo,  and  they  scarcely  rub  at  all  against  the  surface  when 
the  piston  descends.  This  peculiar  effect  assimilates  this 
piston  with  those  that  have  a  flexible  crown  of  leather,  or 
a  bucket,  and  gives  it  a  decided  advantage  over  pistons  with 
springs  and  cushions.  In  other  departments  pistons  with 
springs  are  sometimes  used,  which  move  in  cylinders  of 
csst-iniD. 

These  pistons  are  composed  of  four  pieces  of  brass,  aaaCf  fi<;ures  262 
lad  2C3,  which  are  each  about  three  centimetres  in  heip^ht  and  thickness, 
aad  are  paired  horizontally  by  two  springs,  bbbb.  Tliose  pieces,  which 
vc  shall  call  quadrants,  in  order  that  none  of  the  air  may  escape  when  they 
play  under  the  inequalities'  of  the  cylinder  in  which  tliey  rise  and  descend, 
uc  each  of  them  something  longer  than  a  quarter  of  the  circumference  of 
Ihe  cylinder,  and  towards  the  eiU^mities  they  are  reduced  to  half  the 
ihiduwss. 

Bv  this  means,  these  quadrants  are  perfectly  covered  at  the  eitreniities, 

I  2 
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and  pmvent  the  passage  of  the  air  in  a  horizontal  direction,  while  the  springn 
bbbb  prevent  its  psiuagc  vertically. 

In  conclusion  we  shall  observe,  that  these  pistons,  peifectiv 
joined,  have  been  proved  to  be  proper  for  driving  air  vith 
great  force.  We  inall  likewise  otraerve,  that  the  quadrants 
aaaa  being  made  of  brass,  and  mbbing  against  cast-iron, 
ought  to  last  a  very  long  time  ;  consequentiy,  the  blowing 
here  mentioned  have  the  advantage  of  not  requiring  frequent 
fepura. 

19.  The  following  piston,  described  and  recommended  by 
Belidor,  seems  as  perfect  as.  the  nature  of  things  will  allow. 
We  shall  therefore  describe  it  in  the  author's  own  words,  as 
a  model  which  may  be  adopted  with  confidence  in  the  greatest 
works. 

<*  The  body  of  the  piston  is  a  truneated  metal  cone,  (fig.  S64,)  bavin;; 
a  snudl  fillet  at  the  greater  end.  Fig.  365  shows  tlie  pnmks,  and  fi^.  266 
the  plan  of  its  upper  base,  where  ap])ears  a  cross-bar  D  D,  pieraad  with  an 
oblong  mortise  £  for  receiving  the  Uil  of  the  i>iston-rod.  A  band  of  thick 
and  uniform  leather  A  A  (figs.  265  and  267)  is  put  round  thb  otne,  and 
secured  by  a  brass  hoop  B  B,  firmly  driven  on  its  smaller  end,  where  it  is 
previously  made  thinner  to  give  room  for  the  hoop. 

"  Tliis  piston  is  covered  with  a  leather  valve,  fortified  with  metml  plates  G  G 
(fig.  268.)  These  plates  are  wider  than  the  hole  of  the  piston,  so  as  to  rest 
on  its  rim.  There  are  similar  plates  below  the  leathers,  of  a  smaller  tiie,  that 
they  may  eo  into  the  hollow  c»f  the  piston ;  and  the  leather  is  firaily  held 
between  the  metal  plates  by  screws  li  H,  which  go  through  all.  This  is 
represented  by  the  ootted  circle  J  K.  Thus  the  pressure  of  the  incumbent 
column  of  water  is  supported  by  the  plates  G  G,  whose  circular  edges  rest 
on  the  brim  of  the  water-way,  and  thus  straight  edges  rest  on  the  cross-bar 
D  D  of  figs.  265  and  266.  This  valve  is  laid  on  the  top  of  the  conical  box 
in  such  a  manner  that  its  middle  F  P  rests  on  the  cross-bar.  To  bind  all 
together,  the  end  of  the  piston-rod  is  formed  like  a  cross,  and  the  arms  M  N 
(fi^.  269)  are  made  to  rest  on  the  diameter  F  F  of  the  valve,  the  tail  E  F 
going  through  the  hole  £  in  the  middle  of  the  leather,  and  through  the 
mortise  £  of  the  cross-bar  of  the  box,  as  well  as  through  another  bar,  Q  R, 
(figs.  267  and  268,)  which  is  notched  into  the  lower  brim  of  the  bos.  A  key 
V  is  then  driven  into  the  hole  I,  in  the  piston-rod ;  and  this  wedges  all  fiut. 
The  bar  Q  R  is  made  strong ;  and  its  extremities  project  a  little,  so  as  to 
support  the  brass  hoop  B  B,  which  binds  the  leather  band  to  the  piston-box.'* 

This  piston  has  every  advantage  of  strength^  tightness,  and 
hirge  water-way.  The  form  of  the  valve  (which  has  given  it 
the  name  of  the  butterfy-valve)  is  extremely  favourable  to 
the  passage  of  the  water ;  and  as  it  has  but  half  the  motion 
of  a  complete  circular  valve^  less  water  goes  back  while  it  is 
shutting. 
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riRE-EVGlNES. 

When  5re  breaks  out  in  a  crowded  neighbourhood,  it  car- 
ife«  wkh  it  such  devastating  effects,  that  udv  individual  who 
haa  Bcriously  turned  his  attention  to  the  constructing  of  an 
engine  that  in  in  the  least  calculated  to  check  its  progress, 
ever  be  considered  as  deseVving  of  our  praise.  Those 
have  most  beneficially  directed  their  attention  this  way 
Newabam  and  Rowntree,  whose  engines  we  shau 
pfuceed  to  describe. 

A  perspective  view  of  Mr.  Newsham'a  fire*engine,  ready 
Jbr  vorking,  is  represented  In  fig.  270. 


broad. 


mniatif  of  a  dstem  A  B,  about  three  tiokes  as  long  as  it  is 

of  lluck  oaken  planlu,  the  joints  of  which  arc  luted  wttb  ^bei^i  cnbi>«r« 

Icanly  aftovubleby  ine;uis  of  a  pole  and  eross-bar  C  m,   the  i 

CBgtD«s  wluch  is  su  coutrivcd  tis  to  slip  back  uivder  ^hk  r  >« 

and  on  Ibtir  lolitl  whi^,  two  uf  wbicb  are  seen  at  D  auJ  E»     XW 

dtlaam«,  lo  i^bidb  the  ifvbe«l  E  and  its  opposite  are  fixedt  it  fastened 

vruUv  the  botiooi  of  ihc  ci»tem ;  but  the  fore  axle-tree,  beariDf>  the 

D»  9kc,  t»  put  oo  a  Hi  ions  pin  or  boU.  utroneW  fastened  in  a  hori' 

smatioD  in  the  hij  !  "      t    '  •     '  -*      '    *    -    of  ibc  cisieni,  by 

OQBkiivaQoe  ihe  iv  ,    have  a  circuJir 

i  the  bolu  »o  1.....  ...,  ;,..^....  . —  ►    ..-  lirm  on  H>ugli  or 

ttffpwy  gT'*'"'*  as  (f  tl  ^ere  lev«l. 

Upon  Uui  ground  next  to  the  hitid  part  of  the  etiginc  tn&y  be  u^'^  a 

Icatlker  pipe  F^  one  end  of  Vibich  may  be  screinred  on  and  oflf  upon  occa- 

4MI  lo  %  brass  cock  at  ttie  lower  end  of  the  riateni ;  tbc  other  oud  is 

a  water,   bitppU«d   by   a  po'  ><?,  &c.  AiiU   the   pipe 

1  llKkinK*p;pe  lor  furnishing  lb*  lie  engine  by  ilA  work- 

I119,  without  pounn^  water  into  the  ci.Hlcrrj       1  o  1  h€  tvind  part  of  '  1  u 

tt  Itemished  a  wooden  trough  G,  with  a  copper  >^nLte  for  k  i 

iiOOM,  flutd,  and  dut,  thr^u^h  wiiich  the  cistern  is  &upplie<l  v>Liii   ^witrr 

wlkHi  tbt  fiutkiog^pipe  cannot  be  used.     The  fore  pan  of  the  ci^leiD  m 

tin  aeparaird  frora  the  rest  of  its  cavity  by  another  copper  gi^te,  throut^ 

Hibisli  wster  may  be  (toured  into  the  cistern.    Those  that  work  the  pump* 

of  tha  eofineniove  the  ^landles,  visible  at  the  long  aides,  up  and  down,  ajid 

ast  tfstat^  by  others  who  stand  on  two  suspended  treadles  throwiug  their 

Vfeiykt  altemnteW  upon  each  of  thea>,  and  keeping  themselves  steady^  by 

Hkteg  )*  '  round  horizontal  rails  U  I,  Earned  into  four  rehical 

Hudb  w (  i.e  bottom  of  the  cistern,  and  are  well  secured  to  its  side^. 

0«tr  Ui<-  tiiiMj    ,  •  udi  t^>  ro  (i  an  iron  handle  or  key  K,  servini^  to  open 

01  Shut  a  coik  ]■  V  •  I     f  i'     it  on  the  bottom  of  the  cistern,  the  use  of 

likh  w«  iLiil  txpi.4iu  iu  Uie  sequel  of  this  article^    L  is  an  inverted 

fymnidal  case  which  preserves  the  pumps  and  air-vessels  from  drimage, 

IM  atoo  supporlA  1  wooden  frame  M^  ot\  vwlilch  stands  aman.  \\ho«  by 

iiiMiig  or  depressing,  and  tuniinK  about  '<  N,  directs  «<  f 

waicr  B9  occ&aion  rtquirea*    Tii is  spout «-  wo  pieces  e  , 

aadi  of  which  ha»  an  elbow ;  the  lower  is  Mirewinl  over  tlie  upptLi  wjiU  F^ 

<%  271,)  of  Ihe  pip^  that  jr'jes  through  the  air-vessel,  and  il»e  upper  part 

icnws  on  to  the  \u\y  rew  of  several  thri^ads,  so  truly  turned  as  to 

kt  witer-tight  in   •  >on.     Tlu   conic  form  of  the  spoutuH^  pip« 

for  Wiredrawing  mu  >\.iter  in  its  passage  through  it,  which  occa^iona 

•  ftlBlMD  thai  f>iodttc«»  such  a  velocity  of  the  jet  as  to  render  it  capable  c4 
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brcakinp^  windows,  &c.  wliilst  the  valves  and  leather  pipes  of  the  engine 
have  sufficient  water-way  to  supply  the  jet  in  its  greatest  velocity.  Letther 
pipes  of  considerable  length  may  be  screwed  at  one  end  of  tm  node  of 
the  engine,  and  furnished  at  one  end  with  a  wooden  or  bran  pipe  for 
guiding  the  water  into  the  inner  parts  of  houses. 

Between  the  pyramid-box  L,  and  the  fore  end  of  tbe  engine,  tliere  ii  a 
strong  iron  bar  O,  lying  in  a  horizontal  position  over  the  middle  of  the 
cistern,  and  playing  in  brasses  supported  by  two  wooden  stands ;  one  of 
whidi,  F,  is  placed  bet\v<!en  the  two  fore  stands  of  the  upper  rails,  and  the 
other  is  hid  in  the  enclosure  over  the  hind  part.  Upon  proper  iqiiaree  of 
this  bar  are  fitted,  one  near  each  end,  two  strong  brass  bars,  whicb  take  bold 
of  the  long  wooden  cylindrical  handles,  by  means  of  which  the  engine  is 
worked ;  and  the  treadles  by  which  they  are  assisted  are  suspended  at  each 
end  by  chains  in  the  form  of  a  watch-chain,  and  receive  their  motion  join^ 
with  the  handles,  that  are  on  the  same  side,  by  means  of  two  ctrcidar 
sectors  of  iron  fkstened  together,  and  fixed  upon  proper  sqoares  of  the 
middle  horizontal  bar ;  the  two  fore  ones  may  be  seen  at  Q ;  the  two  hind 
ones,  represented  upon  a  laige  scale  in  fig.  272,  differ  from  the  former  only 
in  thickness,  for  the  fore  sectors  are  made  to  carry  only  one  chain  each, 
fastened  by  one  end  to  their  npper  part,  and  by  the  lower  end  to  tfie 
treadles ;  whereas  the  sole  of  Uie  two  hind  sectors  is  wide  enough  to  cuiy 
two  chains  each ;  oue  set  fastened  like  those  of  the  fore  ones  for  the  motion 
of  the  treadles ;  and  the  other  two  chains  are  fastened  by  their  lower  ends 
to  the  lower  part  of  these  sectors,  and  by  their  upper  ends  to  the  top  of 
the  piston-bars,  in  order  to  give  them  motion.  See  fig.  271,  in  which  the 
hind  sectors  and  their  apparatus  are  represented  as  they  would  ^|>ear  to  a 
person  standing  between  the  two  fore  wheels,  and  looking  at  the  hind  part 
of  the  engine. 

The  square  over  the  letter  A  is  the  section  of  the  middle  bar,  on  whidiy 
right  over  the  two  barrels,  are  placed  the  two  sectors  B  C  A  and  D  £  A, 
forged  together.  F  G II K  and  fghhzxe  the  two  piston-rods ;  and  the 
openings  between  the  letters  GH  and  ^A,  are  the  spaces  through  whidi 
the  hind  parts  of  the  two  treadles  pass.  L  and  M  represent  two  stronff 
studs,  ri  vetted  on  the  other  side  of  the  bars  on  which  they  are  placed ;  and 
to  each  of  these  is  fastened  a  chain  like  a  watch-chain,  and  fixed  by  their 
upper  ends  to  the  upper  extremities  D  and  B  of  the  iron  sectors,  by  wliich 
th^  are  drawn  up  and  down  alternately.  These  sectors  give  also  an  alternate 
motion  up  and  down  to  the  piston-rods,  by  means  of  two  other  chains  less 
white  in  the  figure,  in  order  to  distinguish  them  from  the  others;  these  are 
fastened  by  their  lower  ends  to  the  lower  extremities  of  the  sectors  £  and 
C,  and  their  upper  ends,  terminating  in  a  male  screw,  are  made  tight  to  the 
piston-rods  at F and/,  by  two  nuts. 

The  shape  of  the  piston-rods,  and  the  size  and  situation  of  the  diains 
that  give  them  motion,  are  so  contrived,  that  the  vertical  axis  of  the  pistons 
is  exactly  in  the  middle  of  the  breadth  of  the  perpendicular  part  of  the 
chains,  and  the  upper  part  of  the  piston-rod  taken  together.  PQ  lepre- 
sents  one  of  the  two  cross-bars  through  the  ends  of  which  pass  the  handles 
to  which  the  men  apply  their  hands  when  they  work  the  engine ;  these 
cross-bars  are  fittfd  on  the  middle  bar  at  some  distance  from  the  sectors. 

The  other  parts  of  this  useful  engine  may  be  understood  by  the  help  of 
fig.  271,  which  represents  a  vertical  section  taken  through  the  middle  line 
of  the  hind  part  of^  tho  enqrine,  as  also  the  section  of  the  air-vessel,  and  that 
of  one  of  tiic  barrels,  and  likewise  the  profiles  of  the  hind  sectors,  and 
several  other  pits.  A  Bis  the  section  otthe  bottom  of  the  cistern,  and 
C  that  of  the  hindmost  axle-tree.     D  E  is  the  vertical  section  of  a  strong 
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il  brass  or  hard  metal,  so  woikcd  as  to  h.ivc  .1  J**illow  tu  u, 

by  tlie  while  part,  and  fix^fd  to  Ibe  boltom  of  thecisteni;  ihik 

the  openiug  D,  throogh  ihe  cock  \V,  aiid  alttTwsmls  dividts 

0  two  brmcbes,  so  as  to  open  undw  the  two  boirrfcU;  one  of  ihcsu 

is  exhibited  in  the  figure,  and  tlie  oiher  is  extUitly  behind  this. 

tliia  channel,  whicli  may  be  called  the  sucking-piece,  water  i$  coti- 

reyed  to  Uie  pump*  by  the  pressure  of  the  atmosphere^  either  from  ilnf 

•'df,  or  from  aiiy  place  at  a  distance,  by  means  of  the  leather  pipe 

J,  which  screws  on  to  the  sucking-piece  at  D,  fig.  271,  under  iJic 

limd  troujrh  Z,  the  j^n^ate  of  which  is  represented  by  the  horizontal  sljoke^, 

FG  represents  the  vertical  section  of  another  piece  of  ca^t  brass  or  hajd 

,1   A.  .  -_    y  |jg  called  Ihe  communicalion-piece,  having  two  hollows  for 

water  from  under  the  pistons  to  tin?  two  openings  of  tJ»e 

^  uir-vessel ;  one  of  these  hollows  apoears  in  the  figure;  the  other 

ly  behind  ihi.v.  ihoiiu^h  not  in  a  parallel  direction.     Between  tlw 

of  the  sucking-piece  D  E,  and  that  of  the  communication-piece  F  G, 

ly  be  observed  the  section  of  one  of  the  plates  of  leather,  which  makes 

and  forms  one  of  Uie  two  sucking-valves,  of  which  there  is  another 

ind  this,  under  the  other  barrel.     R  ST  is  the  section  of  the  copper 

l»  aiid  TV  that  of  the  conduit-pipe;  this  vessel  is  screwed  on  to 

port  of  the  communication-piece,  and  at  top  is  Ikstened  by  a  collar 

>  a  cross  piece  of  timber. 

the  flanch  of  the  air-vessel  and  the  communication*pieoe,  may 
1  the  section  of  one  of  the  plates  of  father,  making  all  ti^'hi, 
rewitig  one  of  the  two  forcing  valves,  of  which  there  is  another  just 
tbB»  enctly  over  the  otlier  opening  of  the  communication  from  tht^ 
These  valves  are  loaded  with  a  lump  of  ca>t-iron  or  lead,  harmg 
El  or  teat  let  through  the  flap  of  the  valve^  and  cross  pinioned  under  it  t 
U  it  to  be  observed,  ilmt  Uiouph  both  tlie  valves  are  represented  open 
ID  the  figtSTt,  they  are  never  both  open  at  the  same  lime ;  for  when  the 
[^ngtim  is  not  at  work,  they  are  closed  down  by  the  weiphis  on  their  upper 
;  ftud  when  the  engine  works,  two  are  shut,  and  the  otlier  two  are 
iy  opened  by  the  motion  of  the  pistons  and  the  action  of  tlie  atmo. 
tocetner  willi  the  reaction  of  the  air  contained  in  tlic  air-ves^eL 
s  Uke  section  of  one  of  the  bairels  of  the  two  pumps,  which  are  both 
gjTut  f..rriri,» :  as  ii  evident  from  the  position  of  the  valves  and  the 
ire  '  ns,  each  of  which  is  composed  of  two  iron  plate^^  of 

foo*U  's<,  and  of  iwo^at  piece*)  of  leather  turning  ocie  up  and 

Jown.  L  K  represents  one  of  the  piston-rods  edgewise,  behind 
one  of  the  cliains,  the  top  screw  of  which,  K,  can  only  be  *een, 
lul  of  the  middle  bar,  and  N  a  section  of  the  hindmost  of  the  two 
>nds  which  support  the  middle  bar-  O  represents  the  omi  of  the 
of  the  treadles,  pa*siii  :  the  rectangular  I.  ^       ■      »• 

in  %,  272.    The  wti  c  treadles  briniir  ( 

pninji-rous  down  alternately^  ami  im  jt  .hl-  raised  up  again  t«ji  on-  at  ip 
of  the  other  set  of  chains,  one  of  which  may  be  :^een  t'dKewi»c  in  thit»  figure, 
pliced  cm  the  sole  of  one  of  the  sccton*,  &c.  see  ftg.  '272. 

PQ  is  ptrt  of  the  cross-bars  which  carry  Ihe  handle*,  seen  ed^^wiRc, 
tadX  Y  rrpresents  an  iron  handletby  the  help  of  which  the  cock  W  may  lio 
plioed  m  ine  several  situations  requisite  tor  the  use  of  the  vniuMne,  Tlir 
aicduBiism  may  be  understood  by  figs.  27r>,  276,  and  277,  which  represent 
the  boriionta]  section  of  il«  in  thioe  different  situations.  It  ims  three  hotes 
which  mre  l«fl  white  in  these  figures.  In  tig.  27^,  ilie  po^tiion  of  the  cork 
ti  represrr  '       the  handles  X  Y  or  K  are  in  a  direction  p..r;dk4  to  U  K, 

or  to  the  r,  as  m  fies.  270  and  271.     In  this  portion  ihe  wuier 

jupplicd  by  tiid  Buviaog-ptcce  enters  at  D,  and  proceeds  directly  through 
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the  cock  W  to  the  ^We  under  the  two  pistous ;  and  there  is  now  no  oom- 
iDuoicatioD  from  the  barrel  with  the  cavity  of  the  cistern. 

In  tig.  276,  we  have  the  position  of  a  cock  when  the  handle  X  Y  is  turned 
put  quarter  of  a  revolution  towards  the  eye  from  the  lastF-mentioned  situa- 
tion,  in  which  case  there  is  no  communication  from  the  barrels  with  the 
outer  extremity  of  the  sucking-piece,  but  the  water  poured  into  the  fidre  wad 
hind  trough,  and  passinsr  from  thence  into  the  cavity  of  the  cistern,  enters 
the  cock  sideways  at  W,  and  turning  at  right  angles  through  the  oock 
towards  £,  proceeds  to  the  barrels  of  the  pumps.  Fig.  277*  represents  the 
cock  W  when  the  handle  is  placed  diametrically  opposite  to  its  last  situar 
tion,  in  which  case  there  is  no  communication  from  the  under  side  of  the 
barrels  with  the  cavity  of  the  cistern  or  the  outv^ard  end  of  the  sucking-piece ; 
but  this  situation  afibrds  a  communication  from  the  cavHy  of  the  cistern 
with  the  outside  of  the  engine,  and  the  water  left  in  the  cavity  of  the 
cistern  ma^  by  this  means  be  employed  when  the  engine  has  done  working. 
These  engines  are  made  of  five  or  six  different  sizes. 

The  principles  on  which  this  engine  acts^  so  as  to  produce 
a  continued  stream^  are  obvious :  the  water  being  driven  into 
the  air-vessel,  as  in  the  operation  of  common  «ucldng  and 
forcing  pumps,  will  compress  the  air  contained  in  it,  and 
proportionably  increase  its  spring,  since  the  force  of  the 
air's  spring  will  be  always  inversely  as  the  space  whicb  it 
possesses  3  therefore  when  the  air-vessel  is  half  filled  with 
water,  the  spring  of  the  included  lur,  which  in  its  original 
state  counterbalanced  the  pressure  of  the  atmospherSy  being 
now  compressed  into  half  jthe  space,  will  be  equal  to  twice 
the  pressure  of  the  atmosphere;  and  by  its  action  on  the 
subjacent  water  will  cause  it  to  rise  through  the  conduit- 
pipe,  and  play  a  jet  of  ^  or  33  feet  high,  abating  the  effect 
x)f  friction.  When  the  air-vessel  is  two-thirds  fim  of  water, 
the  space  which  the  air  occupies  is  only  one-third  of  its  first 
space ;  therefore  its  spring  being  three  times  as  great  as  that 
of  the  common  air,  will  project  the  water  wiUi  twice  the 
force  of  the  atmosphere,  or  to  the  height  of  64  or  66  feet. 
In  the  same  manner  when  the  air-vessel  is  three-fourths  lull 
.of  water  the  air  will  be  compressed  into  one-fourth  of  its 
.original  space,  and  cause  the  water  to  ascend  in  air  with  the 
force  of  three  atmospheres,  or  to  the  height  of  96  or  99  feet^ 
&c.  as  in  the  following  table  : 

Hcicbt  Hdffht  Proportion  Heiglit 

oftiH!  ofUic  of  the  towbidiUie 

rooiprcMed  air.    air*a  spring,     water  will  rtw. 

I  .2  33  feet. 

i  3  66 

}  4  99 

I  5  132 

I  6  165 

I  7  198 

I  8  231 

i  9  2«4 

A  10  297 


I 
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ghie  or  pump;  figs.  282  and '283  are  parts  of  the  engine.  The 
lers  are  usra  as  far  as  they  apply  in  all  the  figures;  A  A  A  A, 

uid  281,  is  a  cast-iron  cylinder  truly  bored,  10  inches  diameter 
01^,  and  havinp:  a  flanch  at  each  end  wlicreon  to  screw  two  coren, 
Sng-boxes  a  a,  in  their  centres,  through  which  the  spindle,  B  B,  of 
.ne  pas:tcs,  and  being  tight  packed  with  hemp  round  the  collar, 
,  tight  joint;  the  piston  D  is  affixed  to  the  spindle  within  the 
,  and  fits  it  tight  all  round  by  means  of  leathers;  at  E,  fig.  281,  a 
,  called  a  saddle,  is  fixed  in  the  cylinder,  and  fits  against  the  back 
indie  tight  by  a  leather. 

iRTe  now  a  cylinder,  diWded  by  the  saddle  E  and  piston  into 
s,  whose  capacity  can  be  increased  and  diminished  by  moving  the 
ivith  proper  passages  and  valves  to  bring  and  convey  the  water; 
.  form  a  pump.  These  passages  are  cast  in  one  piece  with  the 
;  one,  dj  for  bringing  the  water,  is  square,  and  extends  about 
1  round  the  cylinder ;  it  connects  at  bottom  with  a  pipe  e  ;  at  its 
er  ends  it  opens  into  two  large  chambers  //r,  extending  near  Uie 
ngth  of  the  cylinder,  and  closed  by  covers,  h  A,  screwed  on ;  i\  are 
»penings  (shown  by  dotted  squares  in  fig.  280)  in  the  cylinder 
icating  with  the  chambers  ;  f  m  in  /  ^  are  two  valves  dosing  the 
the  curved  passage  </,  and  preventing  any  water  returning  down 
ige  d  ,*  n  0  arc  two  passages  fix>m  the  top  of  the  cylinder  to  convey 
i  water  ;  tlicy  come  out  in  the  top  of  the  cylinder,  which,  together 
!  top  of  the  chambers  fg^  form  a  flat  sur&ce,  and  are  covered  by 
res,  p  q,  to  retain  the  water  which  has  passed  through  them.  A 
,  K,  is  screwed  over  these  valves,  and  has  the  air-vessel  A,  figs.  278 
y  screwed  into  its  top ;  from  each  side  of  the  chamber  a  pipe,  to  tr, 
I,  to  which  a  hose  is  screwed,  as  shown  in  fig.  280.  Levers,  xx, 
]  to  the  spindle  at  each  end,  as  shown  in  fiff.  279,  and  carry  the 

H  H,  by  which  men  work  the  engine.    Wnen  the  piston  moves, 
1  by  the  arrow  in  fig.  281,  it  produces  a  vacuum  in  the  chamber  /, 
;  part  of  the  cylinder  contiguous  to  it,  the  water  in  the  pipe  *  then 
«  Talve  m,  and  fills  the  cylinder, 
■me  motion  forces  the  water  contained  in  the  other  part  of  the 

through  the  valve  q,  mto  the  chamber  K,  and  thence  to  the  hose 

the  pipe  w !  the  piston  being  turned  the  other  way  reveries  the 
Q  with  respect  to  the  valves,  though  it  continues  the  same  in  itself, 
«  e  is  screwed  by  a  flanch  to  an  upright  pipe  P,  fig.  282,  con-  i; 

with  another  square  iron  pipe,  frstened  along  the  bottom  of  the  U 

the  engine;  a  curved  brass  tube,  G,  comes  from  this  pipe  through  i 

of  the  chest,  and  is  cut  into  a  screw  to  fit  on  the  suction-hMe  |h 

can  be  used ;  at  other  times  a  dote  cap  is  screwed  on,  and  another  '# 

p  at  H,  within  the  chest,  is  screwed  upwards  on  its  socket,  to  opoi  jl 

imall  hol<>s  in  it,  and  allow  the  water  to  enter  into  the  pipe;  in  this 
!  engine-chest  must  be  kept  full  of  water  by  buckets.  The  valves 
le  of  brass  and  turn  upon  hinges.  The  prindpal  advantage  of 
iiic  is  the  facility  with  which  it  is  deared  from  any  sand,  gravd, 


282  THK   OI*ERATlVB   MECHANIC 

or  other  'obstructions,  wliich  a  Are-engine  will  ahrays  gather  when  il 
work. 

The  dnmibers  fgi  being  so  lan^e,  allow  sulBicient.  room  to  lodge  a  greaier 
quantity  of  dirt  thw  is  likely  to  be  accumulated  in  the  um  of  tM  cngiK  rt ' 
any  one  flre,  and  if  any  of  it  accidentally  falls  into  the  cylinder,  it  is  jffa^ 
lifted  out  again  into  the  chambers,  by  the  piston,  without  being  any  aliitn» 
tion  to  its  motion ;  to  clear  the  engine  from  the  dirt,  two  circuur  ptaMi  of 
five  inches  diameter,  are  unscrewed  from  tlie  lids  A  A,  of  the  ehanbcB/f, 
and  when  cleaned  are  screwed  on  again;  these  screw-corers  fit  perieew 
tight  without  leather,  and  can  be  taken  out,  the  engine  cleared,  and  CMteo 
again  in  a  very  short  time,  even  when  the  engine  is  in  use,  if  faod 
necessary. 

Hie  two  upper  valves  p7,  and  chamber  K,  can  also  be  deuiedviA 
equal  ease,  by  screwing  out  the  air-vessel  A  A,  fig.  278,  which  open  a 
auerture  of  five  inches,  and  fits  air-tight,  without  leather,  when  dond. 
liie  valve  may  be  repaired  tlirough  the  same  openings.  The  use  of  IIk 
air-vessel,  A  A,  figs.  278  and  270,  is  to  equalize  the  jet  from  the  eogne 
during  the  short  intermitUnce  of  motion  at  the  return  of  the  pistoo-ttmu; 
this  it  does  by  the  elasticity  of  the  compressed  air  within  it,  which  fimes 
tlie  water  out  continually,  tliough  not  supplied  quite  regularly  fioni  the 
engine. 

l^he  engine  from  irhich  the  drawing  was  taken,  was  cuo- 
Btructcd  for  the  Sun  Fire  Insurance  Company,  in  London,  aiul 
from  some  experiments  made  by  their  agent,  Bfr.  Samuel 
Hubert,  appears  to  answer  every  purpose. 


JACKS. 

The  jacks  which  wc  purpose  here  to  describe  are  umple 
mucliincs  used  for  nusitig  heavy  weights. 

rifi^.  341  represents  the  common  or  simple  hand  jack  ;  a  block  of  wood 
about  two  feet  six  inches  long,  10  iiiclies  broad,  and  six  inches  wide,  is  per- 
forated with  a  square  hole  or  mortise  throu>;h  it  lengthwise  for  the  recep- 
tion of  an  iron  rack  U.  Hiis  rock  is  formed  with  a  double  cUiw  or  hom  at 
its  up|)cr  end.  A  small  pinion  C  is  mucle  to  engage  in  the  teeth  of  the  rack. 
Hie  axis  of  the  pinion  is  supported  in  iron  plates  bolted  to  each  sida  of  the 
block,  and  one  end  of  the  axis  projects  through  the  side  plate,  with  a  ■qnare 
to  receive  a  winch  or  handle,  which,  being  turned  round,  die  fMiiioii  ele- 
vates the  rack  B  in  the  mortise,  and  raises  the  claw  or  horns  up  to  the  load 
to  which  it  is  applied.  To  prevent  the  >veii>;ht  of  the  load  running  the  pinioB 
back,  the  handle  is  dctain<ul  by  a  hook  or  link  a,  fastened  to  the  outside  of 
the  Mock. 

When  a  greater  power  is  required  than  the  simple  rack  and  pinioii  are 
capable  of  cxertint;,  a  combination  of  wheel- work  is  used,  as  shown  in  the 
ssarou  figure,  where  A  A  is  the  block  of  wood,  wliich  in  this  case  is  mede 
surticientlj  wide  to  conuin  the  cujr-wheel  F,  fixed  to  the  pinion  C,  which 
aeis  in  the  teeth  of  the  nick  B.  G  is  a  secoiul  pinion  of  four  lea%-es,  woifc- 
iiiR  in  the  wheel  F ;  and  the  axis  of  this  ]nnion  pmiects  through  the  side  of 
iho  block  for  the  winch  U  to  W  tixed  on  it.  Tlie  blWk  A  A  is  made  in  two 
halves,  anil  ilie  recess  for  tlie  whuel  F.  and  liie  pinion  CI.  is  cut  out  in  one 
oflhc  halves ;  the  lAher,  bcine'  1»>J  ri*t  ag-iinsi  ii,  Mipix-rb^  tlic  Iront  pivou 
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eel  and  pinions.  Tlie  two  halves  are  bound  together  by  itrong 
(  b  bt  driven  over  the  outside.  The  rack  has  a  daw  N,  at  its  lower 
sting  out  sideways  through  an  opening  or  slit  cut  through  in  the 
>f  the  block.  This  claw  can  be  introduced  beneath  a  stone  which 
flat  upon  the  ground,  and  which  consequently  could  not  be  acted 
ic  daw  on  the  top  of  the  rack.  To  prevent  the  rack  deseending 
M  a  load  upon  it,  the  small  click  a  drops  into  its  teeth,  but  dears 
up ;  when  it  is  not  required  to  detain  the  radc,  this  didt  can  be 
or  the  way  sideways. 

!  is  a  screw  jack.  The  block  of  wood  A  A  is  perforated  nearly 
ength  with  a  hole  sufficiently  large  to  allow  the  screw  B  to  move 
vn  without  touching.  The  screw  passes  through  a  nut  n,  fixed  into 
lie  block  A ;  and  if  the  screw  is  turned  round,  it  must  rise  up  through 
id  elevate  the  claw  F.  This  claw  is  fitted  on  the  top  of  the  screw 
id  collai,  which  allows  the  screw  to  turn  round  without  tOming 
and  the  claw  N,  which  projects  through  a  groove  or  opening 
eside  of  the  block,  is  fitted  to  the  screw  wiUia  smaller  odlar. 
I  of  the  block  lias  four  short  points  to  prevent  the  machine  sUp- 
I  used  upon  hard  ground.  To  g^ve  motion  to  the  screw,  the 
)f  it  is  formed  into  a  square,  and  a  worm-wheel  C  is  fitted  upon 
Tlie  teeth  of  this  wheel  are  engaged  by  a  worm  on  the  axis  of 
9,  and  plates  of  iron,  a  6,  are  bolted  on  each  side  of  the  block, 
iddle  or  its  height,  to  carry  the  ends  of  the  axis  of  tins  windi  and 
Q  which  is  concealed  bv  the  worm-wheel  C.  \Vhen  tlie  winch  is 
id,  it  causes  the  wheel  C  to  revolve  by  the  action  of  the  worm  in  its 
as  the  wheel  is  fitted  on  the  square  part  of  the  screw,  it  compels 
ith  it,  but  at  the  same  time  allows  the  screw  to  move  op  and  down. 

have  been  also  conatructed  upon  the  hydrostatic 
discovered  by  Pascal,  and  which  has  been  applied 
;:e  by  the  late  Mr.  Bramah^  in  this  and  various 
ful  machines. 


CRANES. 

s  arc  certain  simple  machines  in  wliidi  cither  die 
d  axle,  or  wheel  and  pinion^  arc  introduced,  to  effect 
ig  of  lieavy  loads,  such  as  the  loading  or  unloading 
ig  at  the  quays  or  wharfs,  or  the  raising  or  lowering 
and  from  chambers  or  warehouses. 
a  modes  have  been  adopted  to  turn  the  wheel,  or 
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lengtJ)  ill  proportion  to  the  diameter  of  the  windlaM  on  which 

tb9  lope  c»ils,  the  power  of  this  tsimple  craoe  is  very  con- 

kble,  and  may  be  doubled  by  a  pair  of  blocks  or  puUies 

the  jib.     When  the  burden  is  raised  to  n  sufficient  height^ 

tnming  the  capbtan,  ttje  jib,  being  siiTjng  round  oa  lU 

i»ot«,  will  convey  the  load  into  a  cart  or  waggon  placed  on 

by  the  side  of  the  crane. 
Another  kind  of  crane,  which  is  equally  common  with  the 
ive«  but  u»ed  for  ligiiter  burdens,  hai^  t}te  same  jibs^  ai» 
must  cranes  have  ;  but  the  windlass^  or  barrel  for  the 
rope»  ifi  placed  horizontally,  and  has  a  large  vertical  wheel 
upon  it.    This  i^  made  of  two  wheels  fixed  on  mi  axia 
a  dintance  apart,  and  united  by  boards,  so  as  to  form 
lnq^  hollow  cylinder  or  dram.     Several  men  get  into  tliis 
and  by  const/mtly  walking  upward?  on  the  inside, 
il  a  tendenc)'  to  revolve,  and  wind  up  the  rope  on  the 
iL    It  is  surprigiiig,  that  sn  imperfect,  this  shoidd  have 
SO  umversaily  adopted  us  it  was,  till  %vitliin  these  few 
Even  when  the  wheel  is  sixteen  feet  in  diameter,  the 
;ni  within  cannot  walk  so  far  up  it,  from  the  perpen- 
nl:%T    ^^  to  iiavc  any  effective  leverage  to  turn  it  round  ; 
s  are  always  exposed  to  danger,  and  frequently 
-inevi  w  lui  most  shocking  and  fatal  accidents,  from  slipping 
down  in  the  wlieel,  or  from  being  overpowered  by  the  load  ; 
in  f '  '  wheel  rmis  b*ick  with  an  accelerating  velocity, 

re  throu'n  about  it  in  a  most  dreadful  manner. 
't»  of  tiic  common  construction,  skilful  me- 
tleviscd  cranefe  that  are  not  only  more  safej 
but  more  powerful  in  their  operation,  thtm  the  common 
walktng-cnine.  Some  of  the  best  of  these  will  be  deteribed 
in  the  present  article, 

Mr.  radmore,  many  years  ago,  contrived  to  prevent  the 

itan^^er  attending  the  use  of  tlie  construction  last  described, 

u  ring  of  cogs  all  round  the  outside  of  the  threat 

applying  a  trundle  provided  with  winches  to  turn 

It.     By  tilts  a<ldilinn,  the  power  was  increased  in  proportion 

to  the  number  of  cogs  in  the  wheel  to  the  number  of  staves 

Id  the  trundle  ;  and  in  order  to  prevent  the  wheel  from  nm- 

n.     ninjif  back  by  the  force  of  the  weight,  should  the  man  within 

■    U  tlip,  or  leave  off  walking,  he  added  a  ratchet* wiieel  to  the 

I    end  of  the  trundle.     Two  winches  being  fixed  to  the  ends  of 

L  the  axis  of  tlie  trtmdle,  gave  the  people  attending  the  crane 

m   ihi*  means  <  "  'n\g  the  man  in  the  wheel,  when  the  load 

If    rmdnrd  it  i  y.    On  the  axis  of  the  trundle  is  likewise 

B%td  a  WD<iden  wheel  provided  with  a  bntke  or  gripe,  which 
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could  be  forcibly  pressed  on  the  drcuniference  of  thi 
by  a  lever,  to  cause  such  a  friction  aa  would  prevt 
weight  from  descending  too  rapidly.  By  this  means, 
goods  ma^  be  raised  or  let  down  at  pleasure,  witho 
danger  of  injuring;  the  men  in  the  crane.  This  contrii 
ingenious ;  but  we  rapid  motion  of  the  circumference 
large  walking  wheels,  in  most  cases,  rendered  it  inapp 
unless  a  smaler  cc^-wheel  was  fixed  upon  the  same  ai 
the  walking-wheel. 

A  crane  to  be  turned  by  winches,  was  contrived 
late  Mr.  Ferguson,  which  has  three  trundles,  with  <] 
numbers  of  staves.  Any  one  of  these  may  be  applied 
cogs  of  a  horizontal  wheel,  mounted  on  an  upright  axle 
which  is  coiled  the  rope  for  drawing  the  weight.  This 
has  96  cogs ;  the  largest  trundle  24  staves,  the  next  1 
the  smallest  six ;  so  that  the  largest  revolves  four  tio 
one  revolution  of  the  wheel,  the  next  eight,  and  the  m 
sixteen.  The  winch  is  occasionally  fixed  on  the  i 
either  of  these  trundles  for  turning  it,  and  is  applied 
or  the  other,  according  as  the  weight  to  be  raised  ii 
or  larger.  There  is  also  a  fourth  trundle  acting  in  th 
of  the  great  wheel,  and  on  its  axis  is  a  brake  and  i 
wheel.  While  the  load  is  drawing  up,  the  teeth 
ratchet-wheel  slip  round  below  a  catoh  which  fidla  int 
and  prevents  the  crane  from  turning  backward,  thus  de 
the  weight  in  any  part  of  its  ascent,  if  the  man  who  w 
the  winch  should  accidentally  quit  his  hold,  or  wish 
himself  before  the  weight  is  completely  ndsed.  J 
a  due  allowance  for  friction,  a  man  may  raise,  by  sudi  a 
from  three  to  twehe  times  as  much  in  weight  as 
balance  his  effort  at  the  winch,  viz.  from  90  to  3 
taking  the  average  labour. 

Many  other  constructions  of  wheel-work  are  in  o 
use  for  cranes.  When  they  are  turned  by  a  wind 
proper  to  apply  a  fly-wheel  to  the  axis  of  it,  both  to  c 
the  efforts  of  the  labourer  who  toms  it,  and  in  case  I 
dentally  lets  ffo  the  handle,  to  prevent  the  load  from  i 
down  so  quickly  as  to  endanger  any  thing.  It  is  con< 
to  have  several  different  powers  to  a  crane  of  this  k 
adapt  it  for  the  different  bimlens  to  be  raised ;  this 
done  by  employing  a  train  of  several  wheels,  each  tui 
a  pinion  smaller  than  itself.  Thus,  suppose  the  ba 
Which  the  rope  or  chain  winds  to  be  12  inches  in  dii 
and  has  a  cog-wheel  of  06  teeth  fixed  on  the  end  of  i 
is  turned  by  a  phiion  of  12  Iphvcs  ;   on  thr  same  ax 
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a  wheel  of  32  teeth^  moved  by  a  pinion  of  eight, 
d  on  a  third  axis,  which  should  cany  the  fly-wheel. 
h  of  one  foot  radius  can  be  applied  to  any  of  these 
xes  in  the  crane,  and  will  give  three  different  powers. 
if  it  is  applied  to  the  gu^B;eon  of  the  barrel,  it  will 
the  power  of  the  balance,  because  the  winch  describes 
i  wMch  is  twice  as  large  as  the  barrel  on  which  the 
irinds ;  if  the  winch  is  fixed  on  the  end  of  the  axis 
carries  the  pinion  of  12,  and  the  wheel  of  32,  it 
ve  the  labourer  a  purchase  of  16  times ;  and  lastly, 
he  winch  is  applied  to  the  pinion  of  eight,  his  efifbrts 
multiplied  64  times.  This  simple  mechanism  is  ren- 
rery  complete  by  fixing  a  fly-wheel  upon  the  axis  of 
lion  of  eight,  to  prevent  all  accidents  ;  for  which  pur- 
is  more  effective  than  a  ratchet-wheel,  and  requires  no 
m.  The  spindles  of  all  the  pitrions  are  made  capable 
ug  endwise,  for  the  purpose  of  disengaging  the  wheels 
ich  other  at  pleasure,  that  when  the  wheels  are  not 
^,  there  may  be  no  unnecessary  friction  in  turning 
ound. 

gibbet  of  a  crane  is  a  very  principal  member,  as  we 
efore  explained ;  but  in  its  common  construction,  it 
me  defects.  The  rope  by  which  the  burden  is  raised, 
exactly  over  the  gudgeon  of  the  vertical  beam  of  the 
i  is  confined  between  two  small  vertical  rollers,  in  order 
may  always  lead  finir  with  the  jpulley  or  sheave  at  the 
dty  of  the'jib.  According  to  this  construction,  when- 
be  jib  turns  round  its  axis,  the  rope  is  bent  so  as  to 
n  angle  more  or  less  acute,  which  causes  a  g^reat  in- 
of  fnction,  and  produces  a  continual  eflbrt  to  bring 
n  of  the  jib  into  a  parallel  position  to  the  inner  part  of 
pea.  lliese  inconveniences  may  appear  to  be  toifling, 
i  actual  practice,  they  are  of  no  small  importance ;  for 
eccasarily  require  a  much  greater  degree  of  power  in 
(  goods,  and  the  application  of  a  constant  force  to  keep 
b  m  the  position  that  may  be  requisite ;  while  the  par- 
nm  which  is  exerted  on  only  a  few  strands  of  the  rope, 
;  bent  into  an  acute  angle,  destroys  it  in  a  very  short 

im^e  construction  of  the  jib,  invented  by  Mr.  Bramah, 
ct  all  these  defects,  and  at  the  same  time  possesses  the 
esixable  property  of  permitting  the  jib,  of  what  is  termed 
rf  or  landing  crane,  to  revolve  wholly  round  its  axis, 
I  hnd  goods  at  any  point  of  the  circle  described  by  the 
rthej%. 
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The  simplest  form  of  this  contrivance  is  shown  in  %.  343,  in  which  A  ▲ 
represents  {the  jib  of  a  warehouse-crane  projecting  from  a  wall.  It  has,  •» 
usual,  a  pulley  at  the  extremity,  from  which  the  goods  are  suspended.  The 
improvement  consists  in  placing  a  pulley  at  S,  to  conduct  the  rope  down 
through  the  axis  of  motion  of  the  jib,  ihe  collars  or  rings  a  «,  an  which  H 
swings,  being  perforated  for  the  purpose.  The  rope  afterwards  pafsi>«  onact 
a  pulley  6,  which  conducts  it  into  the  house  to  the  crane  or  machine  by 
which  the  weieht  is  elevated.  The  pulley  b  may  be  placed  between  the 
collars  a  a,  and  then  there  will  be  no  necessity  for  a  perforation  of  the  lower 
pivot  of  the  jib.  When  the  jib  is  required  to  describe  a  complece  dicle, 
instead  of  the  two  brackets  at  a  a,  fixed  to  the  wall,  a  cast-iron  pular  it  ns«d 
to  support  the  jib,  the  collars  a  a  fitting  upon  it;  the  pillar  is  hoUow,  to 
admit  the  rope  through  it,  and  is  firmly  fixed  in  a  verticalfbsition,  by  a 
plate  cast  on  the  lower  end  of  it,  and  screwed  down  on  the  timber  of  the 
wharf.  Beneath  these  beams,  there  is  another  pulley  in  place  of  A,  to  om^ 
duct  the  rope  to  the  crane. 

Fig.  344  represents  a  crane  mounted  on  four  trucks,  to  be  capable  of 
removal  from  place  to  place.  It  was  employed  on  Ilamsgate-pier,  for  lifting 
stones  used  in  the  building,  and  is  extremely  well  adapted  mr  such  a  situ- 
ation, as  it  requires  no  fixture,  and  will  take  up  a  weignt  of  four  tons  with 
four  men,  which  is  sufficient  power  for  such  purposes.  It  was  designed  and 
executed  by  Mr.  Peter  Kier,  by  order  of  the  trustees  for  the  management 
of  the  harlMur  at  Ramsgate.  Its  base  consists  of  a  cast-iron  frame  mariccd 
A  B,  nine  feet  seven  inches  square,  and  twe  tons  weight,  supported  on  fbor 
cast-iron  wheels  b  bf  one  pair  of  which  is  fixed  on  a  common  axle,  which 
moves  round  on  a  centre  fixed  to  one  side  of  the  frame.  This  axle  has  an 
arm  projecting  across  beneath  tlie  frame  to  the  opposite  side,  where  a  rack, 
or  segment  of  a  vheel,  is  fixeu  on  it,  as  shown  at  c,  engaging  a  pinion  r, 
shown  before  the  rack,  on  the  top  of  whose  axis  a  windi  is  appued  at  dL 
Now,  by  turning  this  pinion,  it  twists  the  wheels  round  upon  the  centre,  to 
steer  the  crane  when  moving  from  place  to  place.  A  vertical  cast-iron  shaft 
marked  D  F,  wei<rhing  23  cwt.,  is  erected  on  the  centre  of  the  iron  tiame^ 
and  is  supported  by  oak  braces  £  E,  .stepped  into  boxes  cast  out  of  the  iron 
frame  A  B,  at  it;;  angles,  so  as  to  form  a  very  strong  i)erpendicular  column, 
round  which  axis  the  whole  crane  traverses.  Tlie  weight  of  the  framing  and 
wheel-work  is  supported  by  a  steel  pivot,  or  gudgeon,  on  the  top  of  the 
shafl  F,  and  is  guided  by  a  collar  emoracing  the  shaft  at  I.    The  framing 


of  the  iib,  or  movable  part  of  the  crane,  consists  of  a  long  beam  G  H,  bearing 
the  pulley  G  at  the  extremity,  resting  on  the  pivot  of  the  upright  pillar  in 
the  middle,  and  Uie  other  end  supporting  the  frame  for  tne  whed-wwk 


L  M  N ;  into  tliis  beam  are  framed  two  uprights  Q  Q,  suspending  the  plat- 
form I  K,  on  which  men  vgho  work  the  cnmc  stand.  It  is  braced  oy  a 
diagonal  stay  J  P,  and  a  cross  piece  11,  to  prevent  its  bending. 

Mr.  Bramali's  ingenious  hydrostatic  principle  of  guiiing 
a  great  power  is  applicable  in  several  ways  to  the  raising  of 
heavy  weights,  and  has  been  frequently  employed  in  powexlul 
cranes.  In  these  the  power  is' not  obtained  by  wheel- woric, 
pullies,  or  any  other  ordinary  mechanical  powers,  but  on  the 
principle  of  the  experiment  called  the  hydrostatic  paradox, 
which  has  been  known  for  ages  ;  but  the  application  of  its 
powers  to  useful  purposes  is  due  to  Mr.  Bramah. 

The  simplest  form  is,  for  a  machine  to  raise  a  heavyweight 
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11  bteighl.     A  metallic  cylinder,  suthctently  sjtronjf, 

d  truly  cylindrical  within,  has  a  solid  piston  fitted 

which  is  made  perfectly  water-tight,  by  leather  pack* 

id  iu»  edge,  or  other  means  used  in  hycimulic  engine*. 

of  the  cylinder  must  be  made  sufficiently  strong 

other  parts  of  the  surface,  to  resist  the  grcjiteat 

in  ever  be  applied  to  it.     In  the  bottom  of  the 

.i-rcrtcd  the  end  of  the  small  tube,  the  aperture  of 

r communicates  with  the  inside  of  the  cylinder,  and 

jea  water  or  fluids  into  it ;  the  other  end  of  the  pipe 

itentefl    with   a   small   forcing-^nmp,    by  which   the 

injected  into  the  cylinder  beneath  its  piston ; 

has  of  course  valves  to  prevent  the  return  of  the 

Tow^  suppose  the  diameter  of  the  cylinder  to  be  six 

i,  at\d  the  fliameier  of  the  piston  of  the  small  pump,  or 

lie-quarter  of  an  inch  ;  the  proportions  between 

t\\  es  or  ends  of  the  said  pistons  will  be  as  the 

-  diameters,  which  are  as  I  to  24 ;  therefore  the 

A^  1  to  576  ;  and  supposing  the  intennediate 

them  to  be  filled  with  water,  or  any  other 

Hi  nil  uinpressible  fluid,  any  force  applied  to  the  small 

will  operate  on  the  other  in  the  above  proportion  of 

►jxjse  the  small  piston,  or  injector,  to  be  forced 

the  act  of  forcing  or  injecting,  with  a  weight 

[SOcwi.^  which  can  easily  be  done  by  meana  of  a  long 

the  tilatnn  of  the  great  cylinder  would  then  be  moved 

It  0  etjual  to  1  ton  multiplied  by  576. 

M resents  a  crane  constructed  upon  the  hydro- 
ie,  that  is,  by  the  injection  of  water  from  a 
.;i  citu  a  large  cylinder,  which  is  fitted  with  a  pidton, 
a  rack  attached  to  it  for  the  purpose  of  turning  a  pinion 
axi>  of  a  large  drum-wheel  or  barrel,  round  which 
TOpc  i^  coiled,  and  from  thence  passes  to  the  jib, 

A  A  represents  the  jib,  made  of  iron,  mid  supported  upon  two 
a  «,  lirtjjecnnK  from  the  wall  of  the  warehouse  10  which  Ihe  crane  14 
m  Im  rtf^ted .    T\\e  rope  passes  over  the  pulley  S,  and  down  through 
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1  lif  t;  turns  under  the  pwH«^  *♦  aod  comes  10  tlie  lower 

U.     The  pinion  C  ia  hxcd  on  the  same  axis  with 

smaM  iroa  frftmea  d,  bolted  down  to  the  floor  of 

I    IS  ftciuated  by  Uu»  teeth  of  the  nek  D,  and  » 

mn  ttt  IT,  presses  agaiiut  ih«  back  of  ihe  rack» 

n      The  nek  is  studied  to  the  piston  D 

M.wef  for  workiug  the  crane  is  obtained. 

"  '  of  leather  on  the  top  c^  ''  -  -vhnder 

i^e  by  the  side  of  It,  a  1  if 

i:^ ,^.    .1  must  protrude  thi-  pi  '  n* 

cj&idrr  is  Mppoitid  in  a  wooden  Cnime  F  F^  and  ^su  st  vnmii  copper 

V 


b  fiiftAd  into  iho 
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pipe  ggj  prooMdiag  from  the  lower  end  of  it,  commuftifeaUo^  iMtk  a  si 
rorcing-puinp  at  A ;  this  stands  in  an  iron  cistern  II,  which  contauu 
water,  and  sustains  the  standard  1 1,  for  the  centre  of  the  handle  G,  \ 
which  the  pump  is  worked  by  one  or  two  men.  The  upper  extremity  of 
standard  1 1  guides  the  piston-rod  of  the  pomp,  to  confine  U  to  ■  ~  "^ 
Aiotion;  /  is  a  weight  for  oounterbalancinfl^  the  handle  G  of  Ifat 
From  what  we  have  said  before^  the  operation  of  this  inai*hlne  is  c 
the  power  of  the  cylinder  D  is  in  proportion  to  its  size  oompaied  will 
site  of  the  pump ;  but  as  it  only  acts  through  short  limits,  the  { '  ' 
drum  B  are  necessary  to  raise  the  weight  a  sufficient  hei^t.  Tile 
•f  lewering  goods  by  this  crane  is  extremely  simple,  as  it  is  <MiIy 
to  open  a  cock  at  m,  which  suffers  the  water  to  escape  from  the  eyliodBr  i 
the  cistern  H,  and  the  weight  descends,  but  under  the  most  perfect 
ef  the  person  who  regulates  the  opening  of  the  cock ;  for  by  di 
the  aperture,  he  can  increase  the  resistance  at  pleasure,  or  stop  it  ihogsdNT* 
Fig.  345  is  a  side  elevation  of  a  crane.  "Die  post  is  immorable^  mA% 
fixed  on  an  iron  frame,  with  arms  extending  in  the  form  of  a  crosit  Iht 
extremities  of  which  are  bolted  down  by  strong  screws  to  huge  blocks  «C 
stone  sufficiently  heavy  to  more  than  counterpoise  the  weig^  to  be  nisei 
by  the  crane.  In  the  top  of  the  post  is  fixed  a  wrought-iron  pivot,  by  which 
the  weight  is  supported,  and  a  strong  cast-iron  cap  bears  on  the  pm,  and 
has  attached  to  it  two  iron  frames,  one  on  eaeh  side,  that  receive  the  pres- 
sure from  the  stay,  as  well  as  support  the  pull  of  the  jib,  which  is  fonaed  sf 
t  wo>  bars  of  wrou^^t-iron ;  the  lateral  pressure  is  borne  by  the  bottom  of  dw 
post,  round  which  two  friction-rollers  Uim  to  focilitate  its  motioiL  This 
ciaoe  will  <Kirry  five  tons  with  safety. 
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PRESSES, 

ss  18  a  machine  in  most  extensite  use  iit  tiie^ 
ixts.  It  is  usnally  made  of  wood,  or  iron,  and 
fueeze  or  compress  any  body  very  clbde. 
resaes  generally  consist  of  six  members,  of  pieces  ; 
It  smooth  tables  of  wood  or  metal,  between  which 
ice  to  be  pressed  is  placed ;  two  screws,  or  wormey 
>  the  lower  plank,  and  passing  through  two  holetf 
er ;  and  two  nuts,  in  form  of  an  S,  serving  to  drive' 
plank,  which  is  movable,  against  the  lower  which 
id  without  motion. 

used  for  expressing  liquoirs,  are  of  various  kinds  ^ 
(nost  respects,  the  same  as  the  common  presses,' 
that  the  under  plank  is  perforated  with  a  great 
holes,  to  let  the  juice  run  through  into  a  tub  or 
idemeath. 
nproved  cider-press ^  turned  by  a  windlass,  is  shown' 

base  or  foundation  with  its  supporting  parts ;  B  B  the  cheeks  or 
'  the  cross-piece  at  top,  througn  which  the  screw  passes,  and 
<)uently  contains  the  female  screw;  £  the  screw  with  its 

F  F  the  bridge  or  cross-piece  which  acts  on  the  pommage ; 
ide  plank  or  vat  on  which  the  pulp  rests  in  the  hair  bags,  in 
ode  of  the  liquor's  passing  off  is  seen. 

of  press  may  be  advantageously  employed  for  packing  cloth, 
ther  goods ;  as  also  in  paper-mills,  for  flattening  and  rendering 
and  in  the  manufacture  of  woollen  cloth,  for  glazing  and  setting 
I  the  article  in  its  last  stage. 

elevations  of  a  very  good  screw-press  for  a  paper- 
iven  in  figs.  285  and  286. 

£  bed,  formed  of  an  immense  beam  of  oak ;  and  each  of  the 
'onsists  of  a  long  iron  bar  b  A,  fig.  286,  the  ends  of  which  are 
her,  so  that  it  forms  a  long  sink,  one  end  of  which  receives  the 
oed  A,  and  the  other  the  end  of  a  massive  cast-iron  bar  D, 
ich  the  screw  E  is  received,  and  its  nut  fixed  fast  therein, 
aces  of  the  long  links  or  cheeks,  6, 6,  are  filled  up  by  rails  of 
ich  support  the  weight  of  parts  of  the  press  when  it  is  not  iir 

these  bear  nothing  when  the  press  has  any  articles  under 
I ;  these  articles  are  laid  at  H,  on  the  bed,  and  the  follower,  G, 

Eon  them  by  the  screw,  when  it  is  turned  by  a  long  lever  put 
oles  in  the  screw-head  F. 
rs  employed  for  paper-presses  are  generally  formed  with  such 
ds,  and  so  rapid  a  spiral,  that  the  elasticity  of  the  paper  is  suffi- 
e  it  to  run  back.  To  these  a  ratchet-wheel,  a,  is  fixed,  and  a 
287,  is  applied  to  its  teeth ;  to  prevent  its  return,  the  click  is 
a  a  bar  6  d,  which  moves  on  a  centre  at  B,  bat  the  other  end  is 
a  catch  or  lever  fg.  When  the  press  is  to  be  rdiev^,  tke 
V  2 
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«nii  /;  «f  iUe  catdi,  is  driven  back ;  this  relieves  llie  bar  d  b^  and  the 
no  longer  dctainiug  the  ratcliet-whsel^  the  screw  riius  bauk, 

8.  A  very  iiigenious  and  useful  packing-press 
invented  by  Mr.  John  Peek.     It  is  represented  in  %. 

A  A,  the  fmmc  of  the  press ;   B  B,  ihe  large  screwrs,  w!. 
contrary  to  those  m  common  une,  is  fixed  wid  itnmovvT 
iron  bar,  exlending  beyond  the  sides  of  the  prcsn*  and  h. 
worms,  or  endless  screws  E  E.  which  work  in  Iwa  tocN 
to  the  nuls,  ami,  l>y  turning  the  wincli  D*  dnve  lli< 
down  the  screws  as  may  be  found  necessary;  F.  r* 
the  bed»  und  on  which  the  men  stand  who  work  tl 
may,  if  fouwd  ne<essar>',  be  fixed  at  the  other  enci  ot 
the  square  shoulder  G.    The  bed  of  ihts  press  niL 
pieces  of  strum;  wood,  which  are  held  to«etlier  by  screws 
through  them,  ai  shown  ni  h  h  hh.    The  gre'dl  utility  of  ihi^  ^ 
its  being  cap:ible  of  packin^^  two  sets  of  bales  at  once  ;  thus  uuHtnopI 
purpose  of  two  presses,  with  more  expedition. 

4.  The  hj/flrmtatic  or  water-press^  or  as  it  is  ^. 
called  Bramafis  Press,  has,  for  a  great  nuuibcr  of  \> 
superseded  Llie  use  of  the  screw-press,  over  whitrh  It  pQi 
great  advantages,  in  all  cases  where  a  strong  pi 
required*     It  is  oae  among  the  many  useful  inventions  < 
late  Mr.  Joseph  Braiiiah,  of  Piccadilly ;  an<l  in  ingmi 
contrived  fi)r  applying  the  tjnufjua  versum  pressure  of] 
as  a  powerful  agent  in  many  kinds  of  machinery. 

These  contrivances  consist  in  the  application  trf  water, 
other  dense  tluidti,  to  various  engines,  »o  as,  in  sn 
to  cause  them  to  act  with  immense  force  ;  in  oils. : ,, 
municate  the  motion  and  powers  of  one  part  of  a  machine 
some  other  part  of  the  same  machine ;  and,  la.stly,  tu  coi 
municate  the  motion  and  force  of  one  machine  to  niiol 
where  their  local  situatitms  preclude  the  applicatiiiu  of 
other  methods  of  connection. 

The  first  and  must  ni;iteria.l  j)art  of  this  invention  will  be  clearly  in 
stood  by  an  inspeciioo  of  fig.  28*J,  wht!re  A  la  a  cyliiwler  of  iron,  wr 
niateriaU,  sufhciently  strong,  and  bored  perfectly  smooth  and  cyiic  ^ 
into  which  \a  Htted  the  piston  6,   which  must  be  inade  perfectly  w&t< 
by  leather  or  other  materials,  as  used  in  pump-wiakiog.    Tl. 
cylinder  mu».l  also  be  made  .^uftkiently  btrong  wuh  the  «»i 
surface^  to  be  ca|>abl3  of  resistiui^^  llie  greaitst  force  or  str 
any  lime  be  lequtred,     In  the  bollora  of  the  cylinder  is  in 
the  tulx!  C;  the  aperture  of  wludi  communicates  wuh  1 
cylinder,  under  the  piston  B,  whcte  it  ii  shut  with  the  :(iri 
■arne  as  the  suction*pi[)e  of  a  cijrnmon  pump.     The  other  • 
r  communicate*  with  '   forcing-pump  or  injcctur  F., 

which  wuler  or  other  can  be  farced  <»r  injected  iiH<» 

A,  under  the  piston  11.     Now,  suppose  the  diameter  of  ili- 
IV  Jitches,  and  the  diameter  of  xlw  piston  of  the  >itiull  pup. 
vnly  one  quiifter  of  tn  tnr.h»  the  proportion  Ijelwcru  the  twoi^unate^  oi 
of  the  a*4Kl  piiton  will  be  w  I  to  iiUl;  and  supposing  the  inter 


AND   MACHINIST.  298 

them  to  be  filled  with  water  or  other  dense  fluid  capable  of 
esistence,  the  force  of  one  piston  will  act  on  the  other  just  in  the 
Mttion,  viz.  as  1  is  to  2304.  Suppose  the  small  piston  in  the 
be  forced  down  when  in  the  act  or  pumping  or  injecting  water 
rlinder  A,  with  the  power  of  20  cwt.  which  could  easily  he  done 
tr  H ;  the  piston  B  would  then  be  moved  up  with  a  force  equal 
multiplied  bv  2304. 

constructed  a  hydro-mechanical  engine,  whereby  a  weight 
:  to  2304  tons  can  be  raised  by  a  simple  lever,  through  equal 
mnch  less  time  than  could  be  done  by  any  appamlus  con- 
n  the  known  principles  of  mechanics ;  and  it  may  be  proper 
,  that  the  effect  of  all  other  mechanical  combinations  is  ooon- 
7  an  accumulated  complication  of  parts,  which  renders  them 
of  being  usefully  extended  beyond  a  certain  degree;  bat  in 
acted  upon  or  constructed  on  this  principle  every  difficulty  of 
3  obviated,  and  their  power  subject  to  no  finite  restraint.  To 
it  will  be  only  necessary  to  remark,  that  the  force  of  any  madiine 
a  this  principle  can  be  increased  ad  infinitum^  either  by  extending 
rtion-  between  the  diameter  of  the  cylinder  A,  or  by  applying 
irer  to  the  lever  H. 

}  represents  the  section  of  an  engine,  by  which  very  wonderfnl 
f  be  produced  instantaneously  by  means  of  compressed  air. 
flinder  with  the  piston  B  fitting  air-tight,  in  the  same  manner  as 
n  fig.  289.  C  is  a  globular  vessel  made  of  copper,  iron,  or  other 
terisUs,  capable  of  resisting  immense  force,  similar  to  those  of 
D  is  a  strong  tube  of  small  bore,  in  which  is  the  stop-cock  £. 
ends  of  this  tube  communicates  with  the  cylinder  under  the 
and  the  other  with  the  globe  C.  Now,  suppose  the  cylinder  A 
irae  diameter  as  that  in  fig.  289,  and  the  tube  D  equal  to  one 
an  inch  diameter,  -^hich  is  the  same  as  the  injector,  fig.  289; 
we  that  air  is  injected  into  the  globe  C  (by  the  common  method) 
es  against  the  cock  £  with  a  force  equal  to  20  cwt.  which  can 
one ;  the  consequence  will  be,  that  when  the  cock  £  is  opened, 
J  will  l>€  moved  in  the  cylinder  A  A  with  a  power  or  force  equal 
s ;  and  it  is  obvious,  as  in  the  case  fig.  289,  that  any  other  unlimited 
}rce  may  be  acquired  by  machines  or  engines  thus  constructed, 
is  a  section,  merely  to  show  how  the  power  and  motion  of  one  ma- 
by  means  of  fluids,  be  transferred  or  communicated  to  another, 
stance  and  local  situation  be  what  they  may.  A  and  B  are  two 
1,  smooth  and  cylindrical,  in  the  inside  of  each  of  which  is  a 
de  water  and  air  tight,  as  in  figs.  288  and  289.  C  C  is  a  tube 
nder  ground,  or  other\vise,  from  the  bottom  of  one  cylinder  to  the 
irm  a  communication  between  them,  notwithstanding  their  dis- 
e>-er  so  trre.it,  this  lube  being  filled  with  water  or  other  fluid, 
idi  the  bottom  of  the  piston ;  then,  by  depressing  the  piston  A, 
B  will  be  raised.  Tlie  same  effect  will  be  produced  vice  versd : 
nay  be  run^r,  wheels  turned,  or  other  macninery  put  invisibly 
by  a  power  beiu^  applied  to  either. 

is  a  section,  showing  another  instance  of  communicating  the 
force  of  one  machine  to  another ;  and  how  water  may  be  raised 
Is  of  any  depth,  and  at  any  distance  from  the  place  where  the 
;K>wer  is  applied.  A  is  a  cylinder  of  any  required  dimensions, 
s  the  working  piston  B,  as  in  the  foregoing  examples;  into  the 
this  cylinder  is  inserted  the  tube  C,  which  may  be  of  less  bore 
•ylin^er  A*    Tliis  tube  is  continued,  in  any  required  directioi^ 
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,down  to  the  pump  cylinder  D,  supposed  to  be  fixed  in  the  deep  well  £S, 
and  fijrou  a  junction  therewith  above  the  piston  F ;  which  piston  has  a  ivd 
G,  working  through  the  stuffing-box,  as  is  usual  in  the  common  pump.  To 
this  rod  G  is  connected,  over  a  pulley  or  otherwise,  a  wei^t  H,  suffiacot 
to  overbalance  the  weight  of  water  in  the  tube  C,  and  to  raise  the  pisloci  F, 
.when  the  piston  B  is  hfted ;  thus,  suppose  the  piston  B  is  dmwn  up  b^  iti 
rod,  there  will  be  a  vacuum  made  in  the  pump  crjrlinder  D,  below  the  puton 
F ;  the  vacuum  will  be  filled  with  water  through  the  suction  pipe,  by  tlie 
.pressure  of  the  atmosphere,  as  in  all  pumps  fix«l  in  air.  Tlie  return  of  the 
|>iston  B,  by  being  pressed  downwards  in  the  cylinder  A,  will  niake  a 
stroke  of  the  piston  in  the  pump  cylinder  D,  which  may  be  repetttd  in  the 
juaiial  way  by  the  motion  of  the  piston  B,  and  the  action  of  the  wttker  in  the 
lube  C.  The  rod  G  of  the  piston  F,  and  the  weight  H,  are  not  necasaiy 
in  wells  of  a  depth  where  the  atmosphere  will  overbalance  the  water  in  the 
3uction  of  the  pump  cylinder  D,  and  that  in  the  tube  C.  The  small  tube 
and  cock  in  the  cistern  I,  are  for  the  purpose  of  charging  the  tube  C. 

By  these  means  it  is  ob^dous  that  the  most  commodiouB 
;inacnines,  of  prodigious  power,  and  susceptible  of  the  greatest 
strength,  may  readuy  be  formed .  If  the  same  multiplication  of 
power  be  attempted  by  toothed  wheels,  pinions,  and  radcs,  it 
IB  scarcely  possible  to  give  strength  enough  to  the  teeth  of 
the  racks^  and  the  machine  becomes  very  cumbersome  and  of 
great  expense.  But  Mr.  Bramah's  machine  may  be  made  to 
possess  great  strength  in  very  small  compass.  It  only  requires 
very  accurate  execution.  Mr.  Bramah,  however,  was  greatly 
mistaken  when  he  published  it  as  the  discovery  of  a  new 
piechanic  power.  The  principle  on  which  it  depends  has 
been  well  known  for  nearly  two  centuries ;  and  it  is  matter 
of  surprise  that  it  has  never  before  been  applied  to  any  useful 
practical  purpose. 

5.  The  Stanhope  printing-press  is  delineated  in  figs.  293 
and  294,  being  elevations,  and  fig.  295,  a  plan. 

A  A  is  a  massive  frame  of  cast-iron  formed  in  one  piece ;  this  is  the 
body  of  the  press,  in  the  upper  part  of  which  a  nut  is  fixed  for  the  reception 
of  the  screw  A,  and  its  pomt  operates  upon  the  upper  end  of  a  slider  d, 
which  is  fitted  into  a  dove-tail  groove  formed  between  two  vertical  bars  ee, 
of  the  frame.  The  slider  has  the  platen  D  D  firmly  attached  to  the  lower 
^end  of  it ;  ^nd  being  accurately  fitted  between  the  guides  ee,  the  platen 
must  ri^e  and  fall  parallel  to  itself  when  the  screw  b  is  turned.  The  weight 
of  the  platen  and  the  slider  are  counterbalanced  by  a  heavy  weight  E,  behind 
the  press,  which  is  suspended  from  the  lever  F,  and  this  acts  upon  the  slider 
to  lift  it  up,  and  keep  it  always  bearing  against  the  point  of  the  screw. 

At  G  are  two  projecting  pieces,  cast  all  in  one  with  the  main  firame,  to 
support  the  carnage  when  the  pull  is  made;  to  these  the  rails  H  are 
screwed,  and  placed  truly  horizontal,  for  the  carnage  I  to  run  upon  them, 
when  it  is  earned  under  the  press  to  receive  the  impression,  or  arawn  out 
to  remove  the  printed  sheet.  The  carriage  is  moved  by  the  rounce  or 
handle  K,  with  a  spit  and  leather  girts  very  similar  to  the  wooden  presii. 
Upon  the  spit  or  axle,  a  wheel,  L,  is  fixed,  and  round  this  leather  belts  are 
passed,  one  extending  to  the  back  of  the  carriage  to  draw  it  in,  and  two 
(Others,  which  pass  round  the  wheel  in  an  opposite  direction,  to  dnw  it  out. 
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Bf  \ha^  ttMnf,  itlicn  lU«  tmodUi  ii*  tumcd  ooie  «raj  it  draws  out  the  c<ti> 
ra^  osid  by  Tererslng  tUe  motion  it  i»  canied  in.  T)tcre  b  likewise  a 
d^k  «»rjp/»  fnnn  lUc  wheel  down  to  tVie  wocwlen  b*Asc  M,  of  the  fram^ 
«Bd  tiku  limm  the  motion  of  the  wheel,  md  conaequenUy  the  e«cur»ioa  of 

Hie  prindpttl  improvement  of  Earl  Stanhope's  press  con- 
M«U  in  the  manner  of  ginng  motion  to  the  screw,  A,  of  it, 
Wbkh  U  not  done  simply  by  a  bar  or  lever  attached  to  the 
♦nnrtr,  htit  by  n  second  lever  c,  g ;  tlie  screw,  A,  has  a  fihort 
1  upon  the  tipper  end  of  it,  and  this  communi- 
on bur,  or  link,  k,  to  anotiier  lever,  t,  of  rather 
ilM)rter  radius,  which  is  fixed  upon  the  upper  end  of  the 
ieoond  spindle  /,  and  to  thiB  the  bar  or  handle,  ^,  is  fixed. 
fUm  when  the  workman  pulls  this  handle,  he  turns  round 
tbe  fpindle  /,  and  by  the  connection  of  the  rod,  A,  the  iscrew,  b^ 
ttmis  with  tt^  and  causes  the  platen  to  descejid  and  produce 
the  preaaure.  But  it  is  not  simply  Ihis  alone,  for  the  power 
%d  the  lever,  Ar,  is  transmitted  to  the  screw,  in  a  ratio  propor- 
tioned to  the  effect  required  at  the  different  parts  of  the  pull; 
Oust  at  &r9t,  when  tiie  pressman  takes  the  bar  K,  it  lies  in  a 
dbvctlon  parallel  to  the  frame,  or  across  the  press,  and  the 
sboft  lever  i  (being  nearly  perpendicular  thereto)  is  also 
M&rir  at  right  UJtgles  to  the  connecting  rod  h  ;  but  the  lever, 
gj  01  the  »crcw,  makes  a  considerable  angle  with  the  rod, 
which  liicrefore  acts  upon  a  shorter  radius  to  titm  the  screw  ; 
because  the  real  power  exerted  by  any  action  upon  a  lever, 
11  DoC  to  be  considered  as  acting  with  the  full  length  of  the 
letter  between  its  centres,  but  with  the  distance  in  a  perpen- 
dkalar  drav^^  line,  in  which  the  action  is  applied  to  the 
ctnire  of  the  lever.  Therefore  when  the  pressman  first  takes 
llir  )  .TH^lo  K,  the  lever  i  acts  with  its  full  length  upon  a 
•hi  i^th  of  leverage,  ^,  on  the  screw,  which  will  con- 

•ttjutiiuy  be  turned  more  rapidly  than  if  the  bar  itself  wa* 
Bttucbed  to  it ;  but  on  continuing  the  pull,  Uie  situation  of 
tlie  le^'ers  change,  that  of  the  screw,  ^,  continually  iiicreasing 
its  acting  lent^th,  because  it  comes  nearer  to  a  perpendicidar 
with  the  c  ic  rod,  and  nt  the  saxue  time  the  lever  t, 

disninkhin-  ting  length,  because,  by  the  obliquity  of 

the  lever,  the  rod,  A,  approaches  the  centre,  and  the  perpen- 
dicular disitance  diminishes ;  the  bar  or  handle  also  comes  to 
»  more  favourable  position  for  tbe  man  to  pull,  because  he 
dn-    -    -irly  at  right  angles  to  its  lengths 

e  causes  combined  have  the  best  effect  in  producing 
ar  "out  loss  of  time  I  because  in  the 

fiT  with  an  iucrcascd  motion  upon 

11m£  tocrvw^  and  brin^a  I  he  piakn  down  very  c|uickly  upon  tliii 
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paper,  but  by  that  time  the  levers  have  aftBumed  such 
Ijposition   as  to  exert   a  more  powerful   action    upon  ead 

jther,  and  this  action  continues  to  increase  as  t 
^rawn  forvrards^  until  the  lever,  i,  and  the  conne 
H)roaght  nearly  into  a  straight  line,  and  then  tin-  («nver 
ffimmenftely  great,  and  capable   of  producing  any    requiiuLel 

iressure  which  the  parts  of  the  press  mil  suHtmu  ^ 

'ielding.  The  handle  is  sometimeB  made  to  comr 
ugainst  a  stop,  which  prevente  it  moving  further,  and  iWr^ 
tore  regulates  the  degree  of  pressure  given  upon  tlic*  walk  t 
but  to  give  the  means  of  increasing  or  dimini;sihiDg  tlof 
pressure,  for  different  kinds  of  work,  the  stop  is  made  mof  • 
able  to  a  small  extent.  A  better  plan  is  adopted  by  Home 
makers  of  the  Stanhope  press,  viz.  to  have  a  screw  adjui>t« 
ment  at  the  end  of  the  connecting  rod  /*,  by  which  it  cjwi  Uv 
shortened  ;  it  is  done  by  fitting  the  centre  pin  wliicb  iiitito 
it  to  the  lever  g^  in  a  bearing  piece,  which  slides  id  a  groove 

Jrmed  in  the  rod,  and  is  regulated  by  the  screw.  ThW 
ihorlening  of  the  connecting  rod  produceb  a  greater  or  lesft 
descent  of  the  platen,  when  the  handle  is  brought  to  tlie  atop. 

The  carriage  of  the  press  is  represented  witli  VI  li« 
»fF  ihe  friction  of  moving  upon  Oie  ribs  IL     T 
fig.  296,  which  is  a  fsecuon  of  the  screw  and  ihe  |iu<!i'n,  vt  im  i 
beneftlh  it ;  and  fig.  297  is  ;•  plan  uiis^eriiig  tu  iL     Fig.  296  is  a  fign 
a  carriage  inverted  to  show  Ihe  wheels  ;  then  axles  n  are  fiu^'i  '"  -^fM  .- 
and  thcj^e  are  adjustable  by  means  of  sciews  r,  so  that  the  < 
borne  up  to  any  required  height.     Tliis  is  so  iTBriilaled.  ili  i 
riage  is  run  into  the  pre«s,  it*  lower  surface  shnll  be;Lr  h 
cheeks  CI,  which  are  part  of  iJie  body  of  the  presji,  and  li 
the  pre^sui^  is  applied^  ihe  same  as  tlie  winter  of  the  ultl  i 
wheels  by  their  .^prine^s  act  to  hear  up  great  nnrt  of  the  cai 
ty;  it»  aiid  diminish  the  friction,  yet  do  noi  destro\ 

i!  upon  the  ribs^  because  ihi*  would  not  ^ve  th 

.-"■..    ,     .   1  earing  which  is  requisite  for  resistiog  the  pull. 
tilt   111,,*   y\\\t:n  the  carriage  is  run  into  the  press:  because  as  i 
rjbv  iHi  uiiuh  the  wheels  run  rise  higher,  and  therefore  the  ^* 
the  whole  weij^ht. 

The  manner  in  which  the  wheels  run  in  rebates  or  recesses  in  the  edgs 
of  Ihe  ribs^  is  shown  at  (\^.  294     The  carriage  is  made  of  cost-iron,  tn  th* 
form  of  a  bos^  with  several  cross  partiLioas>,  which  ar*;  nil  cai«t  in  "tip  pi««r^, 
and  th       '         :►   of  thin  metal,  are  exccedii 
is  macl  .  by  turning  it  in  a  lailie.      i 

is  likewot:  ,1  >rniloW  box  ;   Ihe  slider  d  has  a  piaie  JDrmcxi  •.<ii  \nv    n.wn  rsiii 

of  it^  which  is  hxed  by  four  screws  upon  tlie  top  of  the  pUten,  and  ihui 
they  af**  umifrl 

At  T  t  the  carriage,  pieces  of  iron,  r,  fig  79T,  arc  screwed 

on,  to  inr  the  quoins  or  wedges  which  are  driven  in  to  fuitm 

the  forui  ui  lypt-s  ujion  it  m  the  irue  position  for  printing,     1  r  p, 

fig   2'33,  IS  attached  to  tlie  carriagf  hy  hmm-s,  with  an  iron  t-.  .idp 

lo  c»id|  it  when  it  is  tlitown  bock  ;  Uie  frisket,  R,  is  joined  lu  thw  lyujpwi^ 
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:  base  M, 

"f  the  iron 

^a<Hhfei  wr>odeu  U.1111  js,  r«xeJ  inlo  ihe  former  kl  riglil  angles,  so  as 

«,  winch  ties  tipon  the  titoor.     Tlie  ribs  H,  for  the  carriage  lo 

suppofted  ffom  the  wooden  baje  by  an  iron  bracket  T, 

ndrantsu^  of  Uje  iron  presses  in  working  are  very 
•oili  in  jsaving  labour  jind  time.    The  first  arises 
tiful  contrivance  of  the  ievera,  the  power  of  the 
ing  almost  incalculable  at  the  moment  of  producing 
lion  ;  nnd  this  is  not  attended  with  a  corregpondent 
time,  n»  is  the  case  in  all  other  mechanical  powers^ 
tJir  power  is  only  exerted  at  the  moment  of  pres- 
•tng  before  adapted   to   bring  down   the    platen   as 
»H  jiossible*    This  ^eat  power  of  the  press  admits  of 
01  time,  by  printing  the  whole  sheet  of  paper  at  one 
platen  being  made  sufficiently  large  for  that  pur- 
5,  in  the  press  formerly  used,  the  platen  is  only 
of  tike  size  of  the  sheet.     In  the  Stanhope  press,  the 
etirf',^.^  ig  printed  at  once,  with  far  less  power  upon 
lh  the  old  press,  when  printing  but  half  the 
t  rjjs  arises  not  only  from  the  levers,  but  from  the 
fmnting  of  the  preiss,  which  will  not  admit  of  any  yield- 
thc  wood  always  yields,  and  indeed  is  intended  to  do, 
being  often  packed  up  with  elastic  substances,  tiuch 
or  even  cork.    In  this  case  much  power  is  lost, 
elsAtlc  press  the  pressure  is  gained  by  screwing  or 
the  parts  up  to  a  certain  degree  of  tension,  and  the 
return,  produces  the  pressure.     Now,  in  this  case, 
wiJl  make  a  considerable  effort  to  return,  whicJi, 
It  ifl  bi  reality  giving  back  to  the  workman  a  portion 
^-|KiWf^  he  exerted  on  the  press,   is  only  an  additional 
'     H  bini  to  bear  the  strain  a  longer  time  than 

Bsca  have  verj^  little  elasticity,  and  those  w\o 
t  advantageous  to  diminish  the  thickness  of  the 
t  jTiipan  to  one  very  thin  piece  of  fine  cloth ;  the 
ver)^  little  tendency  to  return,  and  the  pull  is 
the  extreme,  requiring  very  little  more  force  to  remove 
Litter  than  at  the  first  pait ;  indeed,  the  iron  press  is  so 
from  the  other  press,  that  when  an  experienced  press - 
trie*  it,  he  cannot  feel  any  of  that  reaction  which  he 
accustomed  to,  and  will  not  believe,  till  he  sees  the 
that  '  ^>duced  any  impression  at  all ;  and  for  many 

after  i         v^  ^^^  to  work  at  an  iron  press,  he  by  habit 
bade  all  tlie  weight  of  his  body  in  such  a  jiianiier  9^  ta 
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biing  the  handle  up  to  its  stop  with  a  concassicm  that  fthakiB 
hiB  arm  very  much,  and  in  consequence  most  presamen,  aft^ 
a  few  hounr  work,  feel  inclined  to  give  up  tiie  inm  press 
but  when  they  have  once  acquired  a  new  habit  of  standing  non 
upright,  and  applying  only  as  mndi  force  as  it  requirea,  tkw 
Ifdbour  of  the  pull  becomes  less  than  that  of  nmning  the  car- 
nage in  and  out ;  and  men  who  are  accustomed  to  the  bofii 
presses  only,  would  be  scarcely  able  to  go  through  the  woii 
of  the  old  press. 

Mr.  De  la  Haine  has  a  patent  for  a  Stanhope  press,  whicfa 
answers  eictremely  well ;  the  only  material  alteration  ii^  tiiat 
he  has  substituted  a  spiral  or  curved  inclined  plane  in  place 
of  the  screw,  which  is  fixed  to  the  head  of  the  press ;  and 
a  cross-arm  properly  formed,  and  fixed  on  the  upper  end  of 
the  spindle,  wliich,  standing  in  place  of  the  screw,  acts  against 
the  fixed  inclined  plane.  The  action  is  very  nearly  the  same 
as  the  screw,  except  that  the  surfaces  admit  ci  being  made 
of  hardened  steel,  and  thus  diminish  the  fricticm  very  much. 
The  inventor  of  this  for  the  common  press  was  Mr.  Boworth; 
but  Mr.  De  la  Haine  has  combined  it  with  the  levers  and  iron 
frame  of  the  Stanhope  press. 

A  common  press,  of  great  simplicity,  and  possessing  the 
same  advantage  in  point  of  power  as  Lord  Stanhope  gains  by 
the  compound  levers,  has  been  produced  by  Mr.  Medhurst, 
of  Denmark-street,  Soho. 

6.  In  November  1813,  Mr.  John  Ruthven,  of  E^dinburgh, 
took  out  a  patent  for  an  improvement  in  the  printing-press, 
which  differs  from  those  heretofore  used  in  the  following 
particulars : 

First,  The  types,  plates,  blocks,  or  other  surfaces  from 
which  the  impression  is  to  be  taken,  instead  of  being  situated 
upon  a  running  carriage,  as  was  formerly  the  practice,  are 
placed  upon  a  stationary  platform  or  tablet,  which  is  provided 
with  the  usual  apparatus  known  to  printers  by  the  names  of 
tympan  and  frisket,  with  points,  &c.  to  receive  the  sheet 
of  paper  and  convey  it  to  its  proper  situation  on  the  types 
after  they  had  been  inked. 

Secondly,  The  machinery  by  which  the  power  for  the 
pressure  is  produced,  is  situated  immediately  beneath  this 
platform  or  tablet ;  and  the  platen  or  surface  which  is  op- 
posed to  the  fiEtce  of  the  types,  to  press  the  sheet  of  paper 
against  them,  can  be  brought  over  the  types,  and  connected 
at  two  opposite  sides  or  ends  with  the  machinery  beneath  the 
tablet ;  by  this  machinery  it  is  so  forcibly  pressed  or  drawn 
down  upon  the  paper,  which  lays  upon  the  typesj  as  to  giv9 
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impression ;  which  being  thus  uiade,  the  platen  cmi  be 
difttmited  from  the  machinery,  and  removed  from  off  the  types 
by  the  foot,  or  otherwise^  to  take  out  the  paper,  mid  introduce 
a  fresh  sheet- 
Thirdly,  The  said  machinery  for  producing  the  pressure  h 
a  combination  of  levers,  actuated  by  a  crank,  or  short  lever, 
turned  by  a  winch,  or  handle,  to  which  the  pressman  applieB 
by  his  band  ;  or  the  pressure  may  be  produced  by  the  trend 
of  the  foot. 

Fig.  299  is  a  horizontal  plane  ;  fig.  300,  a  vertical  secUon 
taken  through  the  middle  ;  and  fig.  301 ,  an  end  view ;  the 
same  letters  of  reference  being  used  in  each. 

A  A  represent  the  tablet  or  sur&ce  upoa  which  die  iype&,  &c.  ar«  lotd,  its 
mt&ce  truly  flat,  and  may  be  made  of  wood,  stone,  or  inelal,  or  way  other 
uioe  used  for  the  carnage  of  priatiDij^-presses.  This  tablet  is  mounted 
imon  a  frame  of  -wood  or  metaU  consislin«r  of  legs  B  B,  and  cross  braces 
CTC,  Of  any  other  kind  of  support  may  be  used  which  will  firmly  susiain 
the  t-ublet  at  a  proper  height  from  the  ground.     The  tablet  has  a  tympan, 

and  0,  joined  to  it  at  the  end^  9,  in  the  usual  manner,  and  open  into  the 
ilioti  of  the  dotted  lines  1 0,  to  take  off  or  put  on  the  sheet  of  paper, 
ich  is  conlnined  by  the  frisket,  11,  io  the  usual  manner;  the  dotted  lines, 
17,  reprcMut  the  gallows  or  support  for  the  tympan  and  £nskel  when 
ojMpnerf. 

r  in$^  the  types  upon  the  tablet^  or  what  the  printers  call  making 

rtv;<  US  or  weages  maybe  introduced  at  the  angles,  in  tho  usual 

nuinnfri  nut  a  preferable  method  is  to  have  screws  13,  13,  fitted  through 
pMces  which  are  made  fast  to  the  side^  of  the  tablet,  and  between  the  points 
of  tbete  tcrews  the  chase,  or  frame  of  types,  is  held  steady  upon  the  tablet, 
and  oiay  b«  adjusted. 

Beoeath  the  tablet  are  the  levers  marked  D  E,  D  E,  their  fuicrums,  or 
Ibed  centre^pins,  being  at  D,  and  they  act  upon  double  hooks  or  clutcheiy 
F  F.  When  the  ends  E  are  depressed  by  means  of  the  third  lever  I G, 
tjtuatod  beneath  and  common  to  both,  the  connection  being;  made  with  the 
link  tf,  the  fulcnim  of  the  lever  is  at  G  ;  and  li  is  a  third  point  to  wliich 
the  power  to  actuaite  it  is  applied  by  a  connecting  rod  K»  the  opposite  end 
of  which  )<i  joined  to  n  crank  or  short  lever  h  M,  situated  upon  an  axis  or 
fpir  "  '  'ich  extends  to  the  front  of  the  machine,  and  has  a  winch  or 
hat  *i9"J>  upon  it,  for  the  pressman  to  turn  it  by. 

i  of  the  press  is  shown  at  O  O;   it  may  be  made  of  wood  or 

iff!  but  must  be  exactly  true  on  the  lower  fjurface,  whitli  applies 

to  (  I  the  lypfis  U  6,  noon  the  tablet  A  A.    On  the  top  of  the  pfatefi 

is  a  strong  metal  bar  P«  whicn  may  be  either  cast  in  one  piece  wtth  it,  or 
outled  to  it  by  screws  at  rr;  at  its  extreniilies  it  has  bolts  dd,  fix(<<i  to  it 
by  screws  or  otherwis*;  and  at  their  lower  ends  they  must  Imve  heads 
which  are  ex'dctly  fitted  to  the  clutch<*s  or  double  hooks  ¥  F,  before  de- 
•cnbM)  By  means  of  ihe^e  the  platen  is  conntrtexl  with  the  lever  D  E,  I> E, 
10  that  a  prcsiure  may  be  produced  when  ihp  handle  N  is  turned  in  the 
dkertiOTi  shown  l>y  the  arrow  in  fit;.  300-  This,  by  iuming  tho  h-ver  M 
about  upon  its  centre  L,  pushes  the  rod  K,  which  acting  upon  the  poml  11 
<)f  ih,-  i.„..,r  f;l{  j^  moves  it  upon  its  cpolre  G,  and  di;pres?ies  ihn  pomt  I, 
'>niiected  with  tlit-  extfrmitit'"  E  of  the  Icvcr-s  D  I-l,  by  ihe 
made  to  partake  of  its  motion,  and  umw  down  thu  phiten 
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TV  r  ,  ihi'  prfssiiro  i»  relieved,  hajt 

rvnii  .i       Ltius  1 — At  the  end  of  the  Lm  -r^, 

6u:«.  "299  and  301,  are  tilted;   and  in   ilif  ends  of  Ihese  rollers  or  w! 
niarked/,  are  fiac<l  ta  revolve  freely  upon  their  centrp-pini.     Thcft  wj 
having  grcMaves  in  their  ed^es,   run  upon  shuip  np 
upper  edj^e  <v(  the  two  rails  It  U,  which  are  extended 
I  1  project  auiiicietilly  behind,  as  in  fi.      "^ 

',s  ^,  of  fig.  301,  if  necessary,     i 
K,„ivi>  iii.iy  be  used  instead  of  wlw^ttls)  tht  j...iii  i*  ^-►i 
it  hackwards  and  for^^ards  off"  the  types,  but  when  mb 

bohs  dd  will  enter  the  clutches  F  F,  ready  to  roceire  Ti 
and  give  the  pressure  upon  the  tympau. 

The  springs  e  are  so  adjusted^  that  when  the  platen  runs  backwards 
forwards  upon  the  rails  R,  the  under  surface  of  it  will  be  suffin 
above  the  tyrnpan  to  ran  clear  of  it ;  but  vheti  the  h^x^s  dd 
united,  and  the  pressure  given  by  turning  the  bundle  N,  these  sprmji^ 
though  they  have  sutlkient  strength  to   ra)'*e  up  the  ptateu  clear 
tympao,  the  instant  the  pressure  is  relieved. 

To  draw  tlie  platen  forward  over  the  lypes^  a  handfe  A  is  fixed  tipaxi 
for  the  pressman  to  take  hold  by  ;  but  it  may  be  bronv-'''  !'^  •'"•  '•• 
loUowing  manner:    the  two  foremost  wheels,  yy,  li 
to  their  centre-pins,  to  connect  thera  with  the  uppe(  ^ 
levers  m  «»» which  are  rtxed  to  one  common  axis  r»,  fig.  300. 
the  whole  machine,  near  the  )fround  ;  upon  the  axis  aahori 
is  fixed,  at>d  a  rod  q  unites  it  to  the  end  of  ilie  bent  (ever  r  *,  Ll*c 
►^liich  is  made  broad,  to  serve  a>  a  paddle  for  ihe  fool ;  by  di 
the  ann  r  draws  the  short  lever  o,  and  (he  t  -i  m  causes  tlm 

to  advance  truly  parall»^l.  and  come  up  to  1 1  1  F- 

To  make  all  the  work  compact*  the  centrti  u  i/  >  l   the  ctt 
of  the  lower  lever  C,  as  well  as  tlie  pivois  L  of  the  wmcli  l|J 

ported  in  one  frame  composed  of  two  metal  cheeks  S  S,  wU;. ^   ,jtt 

l)eneath  the  table,  and  united  iliereto  by  screws,  or  otherwise,  as  sboiwii 
»e  dotted  line  in  the  plan,  fip.  299. 

The  power  t»f  the  press  will  depend  upon  the  proportion  of  t' 
levers,  and  the  relation  between  the  space  desciibea  by  thr  m- 
iiidle  N,  and  the  denceiit  of  the  platen  O;  but  it  should  1  • 
le  power  of  this  pres'*  iQCrea.se.s  as  the  b.indle  desc^niis   i 

tilion  shown  in  flo;.  300:  first,  because  <" 
ivotirable  position  to  receive  the  workmarj' 
>nies  to  a  position  which  gives  it  a  great  |v.>vvi  ^  (••  i< 
is  shown  by  the  dotted  line  L  3,  lor  when  the  lover 
straight  line,  its  power  to  force  the  nid  K   m.n  I.h  r, 
great ;  third ly^  the  lever  G  H  is  m  the  m 
receive  the  action  of  the  rod  K,  vit.  p» 

G  I  IS  in  a  position  tu  have  greater  powr^r  ou  the  hiiks  a  aud  tttu  levn 
than  when  it  is  in  a  h«)nr,nntal  jH>*tttori.     All  these  toufo-j*  (ombini 
Ihe  best  efl'ect  in  saving  time,  and  at  the  same  time  producing  ii 
pressure;  for  when  rhp  prt-Rsure  tir«t  takes  hoht  of  the  hiindlt*  N,  it  ,11 
with   little    1  '  M't  to   power  on     ' 

brinqs  the  rkly  up«m  tlie   ;  |< 


-.1  K  L'Jii!'-  iitaih 


flower  is  tmincttsely  ^nM^  and  cm^able  of  produGin|  uny  rt)i|Utred 
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uA  thff  patta  of  the  press  will  withstand  without  yieldiog.  The  handle  N  is 
•dc  10  come  to  a  stop,  or  rest,  which  prerenta  its  moving  fiirther  than  the 
dtion  of  the  dotted  lines,  and  therefore  regulates  the  degree  of  pressure 
icn  vpQo  the  'work.  But  to  give  the  means  of  increasing  or  dimmishing 
t  ninnre  at  pleasure  for  different  kinds  of  work,  the  centre  hole  of  the 
B  H  ■  nade  in  a  piece,  which  is  fitted  in  a  groove  in  the  rod  K ;  therefore 
r  riidiiig  it  in  the  groove,  it  has  the  same  effect  as  lengthening  the  rod, 
Htk  produces  a  greater  descent  of  the  platen  when  the  handle  is  brought  to 
Mop;  a  screw,  s,  is  fitted  into  the  end  of  the  groove,  to  screw  the  packing 
{fat  in  the  groore,  and  prevent  it  getting  loose  in  working. 
Another  method  of  producing  the  same  effect  is  to  adjust  the  nuts  which 
e  fitted  on  the  screws  at  the  top  of  the  bolts  dd;  or  it  may  be  done  by 
OKning  the  screws  at  r,  and  ntting  packing  between  the  fitting  of  the 
Men  and  the  bar  P ;  the  same  may  be  done  to  adjust  the  platen  parallel,  if 

'ats  more  at  one  part  than  another. 

rings  may  be  applied  to  take  off  all  shake  or  loosenesses  in  the  joints ; 

ly  ht  done  in  different  ways :  a  strong  spring  may  be  fixed  beneath  the 
bfety  and  act  upon  the  clutch  F,  to  lift  it  up,  and  keep  the  joint  tight ;  or 
le  small  spring  may  be  fixed  on  the  lever  D  £,  (as  shovrn  on  the  opposite 
de,)  to  Uft  the  clutch  F,  and  another  being  fixed  tu  the  lever  beneath,  and 
stiag  at  the  end  upon  a  pin  in  the  irame,  will  lift  up  the  lever  and  link  a, 
I  kmp  them  all  ti*;ht  for  working.  If  it  be  thought  objectionable  for  the 
d  K.  to  push  endways  on  the  levers,  it  may  be  contrived  to  draw  or  pull, 
r  plaeittg  the  lever  M  above  the  spindle  L,  instead  of  beneath  it,  and  also 
fcising  the  form  of  the  lever  G  H I ;  the  points  G  and  H  to  remain  as  they 
%  but  the  point  I  to  be  on  the  opposite  side  of  the  centre,  viz.  above  it ; 
ri  with  this  alteration  the  drawing  of  the  rod  K  will  produce  the  pressure, 
tUtad  of  pusliing  it,  as  in  the  figure. 

Fig.  302  shows  another  arrangement  of  the  lever  for  a  press.  In  this 
lue  the  same  letters  are  used  to  denote  the  same  parts,  thus :  A  is  the 
Met,  D  £  the  levers,  F  the  clutches,  O  the  platen,  r  the  cross-bar ;  the 
ds  E  of  the  levers  are  connected  by  a  link  a,  with  a  third  lever  TW,  whose 
atre  or  fulcrum  is  at  V ;  the  power  is  applied  to  the  long  end  by  a  chain  t, 
licfa  is  conducted  over  a  pulley  or  roller  »,  and  wound  upon  a  wheel  u», 
lich  is  fixed  upon  the  axle  of  the  handle  to  work  the  press.  To  give 
eater  power,  the  wheel  may  be  formed  like  a  spiral,  instead  of  circular. 
It  the  chain  may  lay  upon  a  shorter  radius  when  the  pressure  is  produced. 

7.  Withiii  these  few  years,  numerous  and  great  improve- 
icnts  have  been  made  in  printing-presses ;  but  the  best  that 
e  have  seen  is  the  invention  of  Messrs.  Bacon  and  Donkin, 
ho  exhibited  it  before  the  university  of  Cambridge,  by  whom 
18  now  employed  in  the  printing  of  bibles  and  prayer-books. 
JiestTM.  Bacon  and  Donkin* s  press  consists  in  adapting 
le  t}pe8  to  be  fitted  upon,  and  form  the  surface  of  a  prismatic 
iller,  siich  as  a  square,  pentagon,  hexagon,  octagon,  or  other 
{Qre,  and  mounting  this  in  a  frame,  with  the  means  of  turn- 
%  tt  round  upon  its  centres ;  a  second  roller  is  applied  in 
ich  a  manner,  that  its  surface  will  keep  in  contact  with  the 
irfiue  of  the  types,  which  are  inked,  and  the  machine  being 
tf  in  motion,  the  paper  which  is  to  be  printed  is  passed 
rough  and  receives  the  impression.    The  types  arc  inked 
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by  a  cylinder  which  is  applied  to  revolve  with  its  surfiKe  in 
contact  with  them*  By  this  invention,  the  advantages  of 
types  between  rollers  are  obtained,  although  the  types  axe 
imposed  upon  plain  sur&ces. 

Fig.  303  contains  a  perspeoUve  view  of  a  machine,  the  prism  A  of  whidi  is 
square  in  its  section,  and  has  the  ordinary  types  or  letter-press  applied  apon 
its  four  sides,  and  firmly  attached  to  it.  The  pivots  at  the  end  of  the  axis  of 
this  prism  are  supported  in  the  frame  B  B,  and  it  is  caused  to  revolve  by  a 
connection  of  wheel-work  D  £  and  F  G,  from  the  winch  and  fly-wheel  at  H. 
The  types  upon  its  surface  are  caused  to  print  upon  the  paper  by  means  of 
a  second  roller  I  t,  called  the  platen,  placed  immediately  beneath  the 
former,  and  its  surface  being  formed  to  a  particular  curvature,  produoed  by 
four  segments  of  cylinders,  its  circumference,  when  it  turns  rouna,  will  ahrayt 
apply  to  the  surface  of  the  types,  and  thus  a  sheet  of  paper  being  introduced 
between  them,  will  receive  the  impression.  The  ink  is  applied  to  the  types 
by  means  of  a  cylinder  K  K,  placed  above  the  prism ;  it  is  composed  of  t 
soft  elastic  substance ;  and  that  its  surface  may  always  apply  to  the  types, 
its  spindle  is  fitted  in  pieces  L  L,  which  movin^;  upon  an  axis  n,  permit  the 
cylinder  to  rise  and  fall,  to  accommodate  itself  to  the  motion  of  the  types. 
liie  ink-cylinder  receives  its  ink  from  a  second  cylinder  M  M,  which  is 
called  the  distributing-roller,  also  composed  of  a  soft  substance,  and  is  sop- 
plied  with  ink  by  a  third  ink-roller  N  N,  which  is  made  of  metal,  and 
extremely  true.  The  ink  is  lodged  in  quantity  against  this  n^ler  upon  a 
steel  plate  O  O,  the  edge  of  which  being  placed  at  a  very  small  distance 
from  the  circumference,  permits  the  roller,  as  it  revolves,  to  cany  down 
a  very  thin  film  of  ink  upon  its  surface,  and  this  being  taken  on  by  the 
distributing-roller,  is  applied  to  the  surface  of  the  inking-cylinder,  whidi,  as 
before  mentioned,  inks  tne  types. 

The  sheet  of  paper  is  introduced,  as  shown  in  the  figure,  by  placing  it 
upon  a  blanket,  which  is  extended  upon  a  feeding-boaid  P  P,  and  drawn 
into  the  machine  at  a  proper  time,  by  having  a  small  ruler,  2,  fbced  to  it. 
The  ends  of  this  are  taken  rorward  by  two  studs  6,  attached  to  endless  chains, 
which  are  extended  from  the  wheels  0,  e,  at  the  end  of  the  platen,  to  other 
wheels  d,  d,  which  are  supported  in  the  frame  of  the  feeding-board.  Hie 
wheels  e,  e,  having  teeth  entering  the  links  of  the  chains,  cause  them  to 
traverse  when  the  machine  is  turned  round,  and  at  the  proper  time  the  pins, 
b,  draw  the  ruler,  2,  and  blanket  forward,  and  introduce  the  paper  into 
the  machine,  and  by  passing  between  the  prism  and  platen  it  is  printed,  as 
before  mentioned.  This  is  the  general  action  of  the  machine;  and  we  shall 
proceed  to  detail  the  structure  of  the  several  parts. 

The  type  is  composed,  and  made  up  into  pages,  in  the  usual  manner;  the 
pages  are  then  placed  in  frames  or  gallies  a,  a,  and  fastened  by  the  screws 
at  the  ends,  the  sliape  and  size  of  the  gallies  being  adapted  to  the  size  of  the 
page  it  is  intended  to  print.  These  gallies  are  attached  to  the  four  sides  of 
the  central  axis  of  the  prism  by  the  screw-clamps  1,  the  edges  of  the  gallies 
being  mitred  together.  By  relieving  the  clamps,  the  gallies  can  quickly  be 
removed,  and  others  put  in  their  places.  The  platen  I  i  is  composed  of 
four  segments  of  cylinders,  t  i,  which  are  attached  to  the  different  sides  of  the 
central  axis  I,  by  means  of  screws,  and  these  segments  being  proportioned 
to  the  prism,  will  be  the  true  figure  for  the  platen  to  produce  the  required 
motion,  so  that  the  surface,  when  it  revolves,  will,  in  all  positions,  preserve 
an  accurate  contact  with  the  surface  of  the  types.  The  two  wheels  D.  £^ 
which  cause  the  prism  and  platen  to  accompany  each  other,  are  foimed  to 
correspond  with  the  two.    Thus  the  upper  wheel  D  is  square,  with  iu 
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tilt 


t^mM  flte  pildl  er  giMOMilcil  o«tin  it  oactly  of  iht 
fUM  formed  by  the  war§mm  of  die  tjpcs.  T¥e  \owtr 
%rft«€l  K  IS  of  the  same  th^ne  as  tha  plstCD,  and  iis  pitcb-)in«  ik^  ^xzt% 
file  of  the  surface  thereof.  Inese  wbeeb  being  cot  itito  toeth,  aa  tlie  Hjpiie 
•hqwt,  will  lum  each  other  round,  and  make  their  surfaces  at  the  point  of 
ockntact  exactly  correspood  in  their  motions,  so  as  to  hare  no  slidiog  or 
ili|»ptoif  upon  each  other.  To  regulate  the  pressure  upon  the  paper,  the 
iHMagf,  in  which  the  pirots  of  the  platen  are  supported,  can  be  elevated 
\wicn^%3f  and  iis  suriace  uill  press  with  more  force  upon  the  types;  but 
toil  this  may  not  derange  the  action  of  the  wheels  D  and  £,  uivtTersal  jotntii 
««  applied  in  their  axles,  at  R.  The  inkioc-cylinder  K  is  caused  to  pre- 
iBiTe  its  proper  distance  from  the  centre  of  the  prism  by  wheels  S,  fixed 
iBon  it»  atif ,  and  resting  upon  shapes  T*  fixed  upon  ihe  aids  of  tlie  pnstn. 
Each  of  the  shapes,  like  the  wheel  D,  hajt  fbor  flat  sides^  oorrespoaaiug  in 
I  sise  with  \\^  suLTiaces  of  the  tjTves  ;  the  angles  are  rounded  to  segraeuts  of 
h  a  orcle  from  tlie  centre ;  the  wheels  S  are  of  the  same  size  as  the  inkini;- 
H  cylinder,  therefore,  as  tiiey  rest  upon  the  shapes  T,  they  preirenl  llie  ink- 
r   tfj^fr'  ■'.Yi'T  upon  the  types  with  anymore  than  a  sufficient  force   to 

COftn  >o  ink  williout  blotung.   The  inking-cylinder  is  turned  round 

N,  upon  the  extremity  of  the  axis  of  the  prism,  which  is  of 
'  as  the  wheel  D,  and  engages  another  wheel,  W,  upon  the 
end  1-.  ,,,.ndle  of  the  inking-cylinder  ;  the  latter  wheel  likewise  gives 

QOiiOfi  to  Oie  disiributing-roUer  by  a  pinion/,  and  this  again  turns  the  iuk- 
ftMtt  by  a  third  pinion  jr»  Kxed  upon  the  end  of  its  axis  n,  whidi  is  imp- 
ported  u(>ofi  bearings  D,  U,  in  the  frame.     Tlie  pieces  L,  L,  which  support 
the  pivo'g  of  the  distributing-roller  and  inking-cylinder,  are  fitted  upon  the 
'  kin^'C^'linder,  so  as  to  rise  and  fall  upon  its  centre  ;  and  the 
i  rollers  being  thus  kept  invariably  the  same,  their  circuro- 
jKrencta  are  kept  accurately  in  contact,  to  communicate  the  ink  to  each 
<itlier»   The  wUmi  plate  O,  which,  as  before  mentioned,  regulates  the  quantity 
"*"  !"i-   fhat  the  roller  N  shall  take  round  with  it,  is  supported  by  a  piece 
across  the  fixed  fnune  B  B.    There  are  pieces  of  met;d  fixed  upon 
,      :  by  thumb-nuts,  vthich  prevent  the  ink  flowing  olT  at  the  ends,  and 
th«y  enter  into  grooves  formed  round  the  ink-roller  N,  near  its  ends.    The 
■kftduii«  is  put  m  motion  by  the  handle  with  the  t)y-wheel  H,  and  this  has 
ii  uikUI  wheel  G,  turning  a  large  one  F,  upon  the  end  of  the  axis  b, 

TI«#  frum**  ^supporting  the  feeding-board  P  consists  of  two  rails,  X,  fitted 

Bpor  it  the  platen,  and  sup^wrted  at  the  opposite  ends  by  a  brace 

IW(i.  i)g ;  they  sustain  the  pivots  of  the  wheels  dy  dj  fiar  the  chaint ; 

•  tre  iw<j  ruiivns  fixcdf  at  each  side  of  the  feeding-board,  and  formbg  a 

Ipd|fD<>i)l  for  the  «»nds  of  the  rult:r  *2,  wliich  is  attached  to  the  blanket*  and 

I  i.T.-.ri  these  when  it  is  adv^inced  by  the  chains.     The  spaces  on  the 

)i   the  segments  i,  i,  are  all   filled  up  by  pieces  of  woontI, 

d  in  tltis  space  the  ruler  is  received  when  tt  passes  through 

f  n  the  interval  when  the  spaces  between  the  types  are  passing 

.  und  therefore  leave  the  margin  between  the  pages  of  printing, 

r   in  liut  held  between  the  rollers ;   but  to  prevent  it  from  slipping 

tliii  interval,  the  blanket  and  paper  are  pressed  down  upon  the 

'     '     h  fill  up  in  the  platen  between  the  segments  J,i,  by  the 

!  ors  or  wires  4,  supported  by  cocks  5,  prcnecting  from 

,  .  .-.li,  and  being;  fitted  into  the  slits  at  the  end  of  these  cocka. 

liberty  to  rise  and  fall  by  their  own  weight ;  thus,  when 

upper  part  of  the  revolution,  they  fall  into  the  spacen  at  the 

MTif  between  the  pages  of  the  types,  and  thus  escape  the  ink- 

when  they  are  at  tlie  bwer  part  of  their  revolution,  they  fill 
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upon  Lhe  p&per,  aiul  press  it  with  sufficient  force  upon  the  v\^v«t  vf  w( 
ill  the  platen  lo  carry  the  paper  forward  at  the  int. 
tiot  Rcl  upon  it,  and  of  course  white  the  space  bi  i 
luintmg  15  passing  through. 

The  operation  of  printing  beitig  very  delicate^  and  requii 
great  accuracy,  the  machine  is  provided  with  many  acljt 
mcnts  to  make  it  act  correctly,  wJiich  are  as  foUows  : — "i 
segments  i,  i,  upon   the   platen-roller,    are  att:iched  Ut 
central  fixi»  I,  by  three  screws  at  each  end  ;  the  two 
unes  of  thcBe  (represented  with  square  heads)  draw 
mentii  down  upon  the  central  axis,  whilst  the  others 
are  turned  by  a  screw-driver)   bear  them  off ;  ihercf 
means  of  these  screws,  the  segments  can  be  accui 
ju8ted»  till  they  ore  found  by  experiment  to  apply  c< 
to  the  types^  and  make  an  equal  impression  on  aill 
the  sheet.     To  render  the  whole  impression  greater 
the  screws,  3,  beneath  the  bearings  of  the  plafen'roll 
turned  as  before  mentioned.     The   deg^ree  of  pressi 
which  the  ink-roller  bears  upon  the  typci*  U  regtik 
increasing  or  diminishing  the   size  of  the  shapes  T, 
support  its  weight.     And  to  render  ihese  capable  o{ 
raent,  each  is  composed  of  four  pieces,  marked  6,  ntt 
screws,  7,  to  a  central  piece,  or  wheel,  which  i*  fixec 
the  axis  ;  and  as  the  edges  of  these  pieces  fomt  the  oat 
of  the  shape,  they  admit  of  beitig  adjusted  by  other  screw* 
a  greater  or  less  distance  from  the  centre,  and  of  course 
be  made  to  bear  up  the  ink-cylinder  till  the  j>r 
types  is  equal  throughout  the  whole  surface,  . 
to  supply  the  ink  properly.     The  ink-cylinder  is  adji 
as  to  its  pressure  against  the  distributing-roUer^  arid 
purpose  the  bearings  Xr,  wliich  support  the  cylinder,  ai 
upon  the  pieces  L,  to  slide,  being  capable  of  regulal 
means  of  screws.     In  a   similar  manner,  the  distribi 
roller  can  be  adjusted  to  a  proper  distance  from  tlie 
cylinder.     Tlte  plate  o  can  be  adjusted  for  the  dii&taDC^l 
the  ink-roller  N,  by  screws  p,  fastened  by  thutub-nuts  ; 
regulates  the  degree  of  colour  the  impression  will  havr,  by 
permitting  the  roller  N  to  take  more  or  less  ink  ;   beidnd  tin: 
inking-cylinder  K,  a  rubber,  or  scraper,  is  placed,  to  pi 
very  lightly  against  the  cylinder,  and  to  pre\ent  the  ii 
accumulating  in  rings  round  Lhe  cylinder,  it  5-  f'r- | 
centres,  and  held  up  by  a  lever  which  is  suhi 
catch  y,  at  the  end  of  the  piece  L.    Tliis  catcli  '':xu 

when  the  macldne  is  not  at  work,  and  then  the  ll     , 
down  upon  itit  centre,  does  not  touch  Uie  cylit^ikr.     il 
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necessary  that  the  wheels  D  and  £  should  be  placed  upoQ 
their  axk^  in  such  a  position  that  their  curvature  will  cor- 
rMpond  with  the  curvature  of  the  prism  and  platen*  For 
this  purpose  the  universal-joint  R  is  fitted  upon  the  axis  /, 
€»f  the  wheel^  with  a  round  part,  that  it  may  turn  on  it.  A 
piece  of  uietal,  r,  is  fixed  fast  upon  the  spindle  /,  and  has 
m  hole  in  it  for  the  reception  of  a  tooth  s^  which  is  screwed 
fist  upon  the  universal-joint ;  tlien  two  screws  being  tapped 
through  the  sides  of  the  piece  r,  press  upon  the  end  of  s,  and 
by  forcing  it  either  way,  will  adjust  the  wheel  with  respect 
to  the  platen  till  they  exactly  correspond ;  another  similar 
adjustment  may  be  applied  to  the  upper  axis. 

The  mamier  of  forming  the  ink  and  distributing  rollers 
with  an  elafltic  substance  is  worthy  of  particular  notice. 
Leather  stuffed  in  the  manner  of  a  cushion  was  first  used,  but 
did  not  succeed,  because  it  became  indented  with  the  types  j 
but  after  many  trials,  a  composition  of  glue,  mixed  ^vith 
treacle,  was  found  to  imswer  perfectly.  The  roller  is  made 
uf^a  copper  tube,  covered  with  canvass,  and  placed  in  a 
^  dd,  which  is  a  cylindrical  metal  tube,  accurately  bored, 
oiled  withlnside  ;  the  melted  composition  is  then  poured 
out  into  the  space  of  the  mould,  and  ivhen  cold,  the  wnole  is 
fcwii  out  of  it,  with  the  glue  adhering  to  the  copper  tube, 
"  forming  an  accurate  cylinder  without  any  further  trouble. 
Tlic  composition  will  not  harden  materially  by  the  exposure 
to  ato  oor  does  it  diiisolve  by  the  oil  contained  in  the  ink. 
This  machine  is  well  adapted  to  print  from  stereotype  plates, 
which  the  universities  have  adopted  for  their  bibles  and  prayer- 
books. 

brama^h's  bank-note  press. 

8.  It  was  formerly  the  custom  in  the  Bank  of  Englnnd  to 
fill  up  the  number  and  dates  of  their  notes  in  writing,  till  the 
year  1809,  when  tlie  machine  invented  by  Mr.  Bramah  was 
idopted  for  this  purpose.  By  this  contrivance,  the  numbers 
tad  dates  were  inserted  not  only  in  a  more  uniform  and 
elegant  manner,  but  the  labour  was  diminished  to  less  than 
OHf -sixth  of  what  it  was  before* 

The  copper-plates  from  which  the  words  of  the  notes  are 
printed,  are  double  ;  that  is,  they  throw  off  two  notes  at 
L^a  time  upon  one  long  piece  of  paper*  This  piece  of  paper, 
^■irontaining  two  notes,  is  then  put  into  the  machine,  whicl^ 
^nriots  upon  them  the  number  and  dates  in  such  a  manner,  that 
Hthe  types  change  to  the  succeeding  number,  and  that  the 
"  whole  operation  is  performed  without  any  attention  on  the 


AN0  MACHINIST.  907 

vtous  that  any  combination  of  the  aboTe  figures  nay  be  produced, 
iging  them  to  the  highest  point  of  the  circle,  which  is  the  situation  in 
dbey  ace  to  be  placed  when  an  impression  is  to  be  taken.  This  will 
e  easily  understood,  if  we  consider  that  the  brass  plate  which  coven 
des  is  put  on  its  place,  as  represented  in.  fig.  304,. a^  a.  This  brass 
las  two  apertures  througli  it,  to  leceive  Uie  two  series  of  types 
project  up  a  little  above  iu  sur&ce  when  at  the  highest.  In  fig  305, 
to  is  removed  to  exhibit  the  interior  mechanism, 
circles  are  made  to  tevolve  by  means  of  wheels,  H,  upon  an  axis 
he  back  axis,  parallel  to  the  axis  of  the  circles.  The  end  of  it  is  seen 
;,  305,  projecting  through  the  frame,  and  it  carries  three  of  the  wheels 
)  of  wliieh  are  at  the  same  distance  apart  as  the  two  series  of  figure 
to  which  thev  apply ;  the  third  wheel  is  placed  at  an  intermeZate 
e  between  the  other  two,  and  is  acted  upon  by  a  catch  or  paHet  b, 
i,  attached  to  the  axis  of  the  tympan,  by  means  of  a  joint,  in  sudi  a 
'  that  it  will  strike  against  the  highest  tooth  of  the  wheel  H,  and  turn 
d  one  tooth.  When  the  handle  is  lifted  up  rather  bcgrond  the 
licular,  a  stop  a,  fig.  305,  upon  the  axis,  meeting  a  projectiou  c, 
I,  on  the  cover  of  die  box,  prevents  it  firom  moving  farther;  but 
he  handle  is  returned  down  the  position  of  the  fig.  304,  the  pallet, 
h  again  meets  the  tooth  of  the  wheel,  gives  vray  upon  its  joint,  and 
by  without  moving  the  wheel.  In  this  manner  it  will  be  seeA,  that 
me  the  handle  is  pressed  down  to  take  an  impression,  in  raising  it  up 
>  place  a  fresh  paper  upon  the  tympan,  the  pallet  moves  the  wheels  a 
tin,  and  as  the  teeth  of  these  wheels  engage  the  teeth  of  the  figure 
a  similar  motion  is  communicated  to  them,  bringing  a  fresh  number 
I  the  tympan,  ready  for  printing. 

to  be  observed,  that  the  wheels  H  are  of  such  a  thickness,  as  to  en- 
dy  one  of  the  five  type  circles  at  once,  and  their  distance  firom  eadi 
I  such,  that  they  take  the  same  circle  in  the  one  series  as  they  do  in 
er.  Now,  by  moving  tlie  back  axis  a  small  quantity  endwise,  it  is 
t  that  the  wheel  H  can  be  brought  to  act  upon  any  of  the  five  circles, 
laced  in  such  a  position  as  to  be  clear  of  them  all.  It  is  for  this  pur- 
at  the  head  I,  fig.  305,  comes  through  the  frame  of  the  machme; 
means  of  this  the  axis  can  be  moved  on  end,  and  by  proper  marks 
,  it  may  be  set  to  any  of  tlie  five  circles.  In  these  positions  it  is  con- 
f  a  semicircular  clip,  whicb  enters  grooves  turned  round  on  the  axis, 
prives  it  of  longitudinal  motion,  unless  when  the  clip  is  raised, 
in  be  done  by  a  nut  coming  through  the  back  of  the  trame  at  K, 
;,  It  has  a  short  lever  on  the  inside  of  it,  which,  when  the  nut  is  turned 
raises  up  the  clip,  and  releases  the  axis  while  it  is  set  to  the  required 
and  the  clip  being  let  fall  into  the  proper  groove,  confines  it  from  any 
motion. 

sder  that  all  the  circles  may  stop  at  the  exact  point,  when  the  figure 
Iw  Idghest,  and  consequently  when  the  surface  of  the  figure  will  be 
ital,  an  angular  notch  is  made  on  the  inside  of  the  figure  circles, 
btermediate  spaces  between  each  figure ;  and  at  the  lowest  points  of 
de  e,  fig.  304,  a  movable  pin  is  fitted  into  the  fixed  axis,  with  a 
whidi  gives  it  a  continual  pressure  downwards.  The  end  of  the  pin 
ed  spherical,  and  well  polished,  so  that  when  the  circle  is  turned 
it  if  mrced  into  its  hole  in  the  axis ;  but  when  another  notch  in  the 
iresents  itself,  the  pin  presses  out  into  it,  and  retains  the  circle  with 
rate  force  in  its  proper  position,  until  the  raising  of  the  tympan,  as 
described,  overcomes  the  resistance  of  the  pin,  and  turns  the  dide 
By  this  eontrivance  the  types  always  arrange  themselves  into  m 
X  2 
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tAraight  line,  after  being  turned  round »  wttbmit  ^hicb  the  im|m'9«iAii  WQiiii 
liQve  a  very  disagreeable  and  in^i'  Th*  t^paci  E,  (i$^ 

304,  i«  composed  of  two  parts  ;  a  -,  apaiiwt  whidi  a  ifW 

folds  of  cloih  are  placed  and  secured  by  the  sec-t^'i  i  h  in  n 

Inune  covered  with  parchment,  and  attadied  to  the   :  loor 

iwo  of  which  appear  ai//,  in  fie.  305s 

The  brass  piate  of  the  tynipan  is  fastl^ned  to  thfl  leaf  I-y  %. 
jOg  from  the  axis  by  means  of  six  screws.    Two  of  Ihrae*  ''"N 
A,  can  be  seen  in  the  figure^  lend  to  ihrrrw  the  tympan  fri  - 
the  other  lour,  which  are  arranged  one  on  each  side  a< 
draw  the  tympan  in  iind  kaf  together.     By  means  of  ihc-^ 
irtg  in  opposition,  the  lympan  can  be  adjusted  so  a*  to  f 
upon  tlie  type,  and  communicate  an  equal  pressure  laaU  j 
which  is  held  again5i  the  tympan  by  raeans  of  a  fri-^ 
»tre(ched  on  a  frame  which  surrounds  the  tympan,  afi 
joiiils  at  k  k,  ftg.  305.      The  fnsket  is  cut  through  as  is  n  i 

•bftl  !     -  '    ill  fi^.  305,  in  order  to  e)tp*v:r  '^     -    .    -  -  i 
the  of  {Up  liyurejj,  and  the  No,  I 

preb  ..;.     ;     iii-  diite,  year,  and  place.     1j.      , ,-   -      .. 
stereotype,  and   iaslencd  down  upon  the  surliu*e  oi  the  i 
piece  containing  the  day  and  month  being  changed  evtry 
tind  the  proper  position  which  the  paper  iih«*uld  oc 
two  fine  pins  are  ftxed  to  project  from  it,  juid  are  re<- 
Lti  the  brass  cover;  two  dots  are  primed  upon  the  nou:  tfotu  tu 
ptatos,and  the  pins  being  put  through  at  these  dots,  ensure  the  tigurcst 
coming  on  their  proper  places. 

The  raaaner  of  usin^  the  machine  is  as  follows  :  suppose  the  b«di 
put  so  far  on  end  aj  to  be  detached  from  all  the  circles ;  the  it- —  - " 
arranged  by  hand,  so  that  the  blanks  ate  all  uppermost;  an 
stereotypes  put  in  for  ibe  date.     *Vhe  back  axis  is  then  inrM   •-' ' 
wheels  H  may  uke  the  first  five  circles  towards  the  rtk 
moving  the  handle  down  almost  to  touch  the  type,  au-.l 
again,  the  pallet  mores  the  wheels  H,  and  turns  tlte  two  rtgiit-band 
bringing  up  figure  I.    The  clerk  now  ink*  the  type  with  a  print    _ 
opens  tlie  fnsket  sheet  L,  fig.  305,  on  its  liioges,  and  places   tlic 
(already  printed  on  the  copper-plate  press)  against  the  tympan,  Uic  pi 
place  being  determined  by  the  two  pins,  and  the  dots  printed  od  Hi 
as  before  mentioned.     He  now  shuts  up  the  fnsket  sheet,  in  ordf^ 

fine  the  paper  and  keep  it  clean,  except  in   the  p!  -       ■' * 

printed  ;  then  hy  pres^iiuff  down  the  handle  F,  the  ini 
on  lifiiug  it  up  again  it  nwves  the  OLrcles  and  brings  uj    .^-..  _. 
u  now  removed,  a  fresh  one  pul  in,  and  so  on,  the  figwre  alvrayt 
every  time. 

During  this  operation  the  two  right-hand  circles  act  as  units,  i 
»me  each  time;  when  9  are  printed  in  this  manner  and  0  comes  up. 
is  moved  twice  suoccsi^ivrly  without  prinlinpf,  %vhich  bnng^  up  u  U 
ihun  a  t.     "Die  back  axi*  is  moved,  to  an  upon  tlie  second  circle 
light  hand,  which  now  becomes  the  unit5,  the  first  circle  r- 
by  moving  the   handle  a^  without   priniinjj,  h^nre   1  in  i 
corrt'-  "«v  r.,.i  1..  11     ,h.  ,..,,♦  ., ,..    ,..,.1  ....  Q,^  ^^  ^^       ^^^^    ^^^ 

»*  "  if  U,  onihesccotid 

VU-n:    ^  -,  il,  '2'2.  .v.-    t-j    uy 

first  circle  in  agam  .i  ^  ;  m  thi 

pfovred»  to  99.     Th  iiod  to  tht  i 

«ui»es  uiiil^  the  tiMXiiid  ivfu«  ^d  ^*t  Utud  hundreds;  Ui«  i^nud 
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5ffHJdi  are  a<c!Tanre<l  to  bnnp;  tip  1, 0  is  brought  up  in  Ihe  Aeconil ;  and  the 
fTuidliine  lUelf  bnng*  up  0  in  ihe  third ;  after  pnntinK  this  it  clianjfi*  to  101 . 
The  procftss  now  continues  thTOUGjh  the  successive  hundrcnJ^  in  tiie  s^mn 
m&nner  as  before  till  999.  The  back  axis  is  now  ithifte<i  to  the  fourth  circle, 
mnd  the  three  first  must  be  advanced  by  hand  \*hen  they  require  it.  At 
P999  the  back  axis  is  shifted  to  the  fifth  circle,  aud  it  wiU  serve  to  \)09,999, 
beyotid  which  it  is  not  required  to  print. 


PILE-ENGINE. 

The  pile-engme  is  a  machine  by  which  piles  are  driveii 
into  the  ground  for  the  foundation  oi  the  piers  of  bridges,  and 
rariuus  other  structures. 

The  method  of  driving  u  pile  consists  in  drawing  up  a  very 
heavy  weight,  called  a  ram  or  hanmier^  and  by  disengaging  it 
from  the  machinery  by  which  it  was  raised,  letting  it  fall,  by 
the  force  of  gravity,  upon  the  head  of  the  pile.  In  the  moat 
fiimple  machines  the  weight  is  drawn  up  by  men  pulling  a 
rcord  over  a  fixed  pulley,  and  when  it  has  attained  a  sufficient 
'lieight  allowing  the  cord  to  slip  from  their  hands,  which  per- 
mits tlje  weight  to  descenil  with  considerable  force.  The  two 
be»t  pUe-engines  that  we  have  seen  are  those  invented  by 
Mr.  Vauloud  and  Mr.  S.  Bancc. 

Mr.  Vaulou^g  pile-en gi tie  may  be  thus  descrihetl.  A,  fig.  306,  is  a  great 
upright  thnh  or  axle,  on  vrluch  wte  the  )^>ut  wheel  B,  and  the  drum  C', 
turned  by  horses  joined  to  the  bars  S  S.  The  wheel  B  turns  the  trundle  X» 
w»  the  fop  of  whose  axis  is  the  fly  O,  which  ser^'es  to  regulate  the  motion*  us 
well  OS  to  act  agajasi  the  horse«,  and  to  keep  them  from  falling,  wheit  the 
heiv7  ram  Q  ii  diKchari^ed  to  drive  the  pile  F  down  into  the  mud  in  the 
hoOom  of  the  river.  The  drum  C  is  loose  upon  Ihe  shaft  A,  but  is  l«Kked 
to  llie  wheeU  B,  by  the  bolt  Y.  On  this  drum  the  great  jope,  H  H,  if 
wound ;  one  end  of  the  rope  being  Bxed  to  the  drum,  and  the  oilier  to  llie 
foUower  G,  to  which  it  is  conveyed  by  the  pulleys  I  and  K.  In  the  fol- 
tower  G  I*  contained  the  tongs  F,  that  take  hold  of  the  ram  Q,  by  the 
kUi|rte  R,  for  drawing  it  up,  D  is  a  spiral  or  fusee  fixed  to  the  drum,  on 
which  ift  wvund  the  small  rope,  T,  that  goes  over  the  pulley  U,  under  the 
Mlky  V,  and  is  fastened  to  the  top  of  the  frame  at  7.    To  the  pulley  block 

V  it  buag  the  counterpoise  W,  which  hinders  the  follower  G  fr<im  f»c- 
Cl)€ntifig  u  it  go€s  down  to  take  hold  of  the  ram  ;  for,  as  thp  follower  tt-nds 

VI  tcciuire  velocity  in  its  descent,  the  lineTwind^i  downward*  upon  the 
ftuiwupon  a  br^^er  and  lar]|ter  radios,  by  which  means  the  counterpoisej^  W, 
*ct»  iLrunger  and  stronger  against  it ;  and  so  allows  it  to  come  down  with  only 
a  nodrrate  and  uniform  velocity.  Tlie  bolt  Y  locks  the  drum  to  the  great 
whc«l,  bemi?  pushed  upward  by  the  snaU  lever  Q,  which  goes  through  t 
nK)ft)»e  ill  tne  shaft  A,  turns  upon  a  pin  in  the  bar  3,  Aved  to  thf  great 
»h*ei  B»  and  has  a  weitf^hi  4,  which  always  tends  to  push  up  the  b(At  Y, 
through  the  whetl  into  Uie  drum*  Lis  the  great  lever  turning  on  the  aiii m^ 
And  rating  on  tlie  forcing  bar  5, 5,  which  goes  through  a  hollow  in  (he  »hafl 
At  tail  bean  Qp  the  liule  lever  2. 

Bf  Ute  hones  gotit^  tvundj  the  great  rope  H  is  wound  abotit  the  dnun  C, 


a^imta  cross  piece  of  wood  titlR^Sv"'"''*  nl  con* 

\y  dukChni^es  the  nui^ ;  while  the  wi?ip:)ii   I  of  ii  fr^mft 

lllW»^  '*■"  "^r.^f  ^h,-,.-4^    "-►'> '»!f'  "--"■•-  shown  ui    .,         '    ' qj» 

ll#«                                                                      ,  while  d^  1% 

fro*ii  .1    '■^.    '  I  iicct    U;    k-    il I  :■  '.<y 

afk  ^  ihun  the  iroo  ^^  v,  utid  movjiig  v.iili    v 

ol  ^  1  mot  tonne  into  c  u  the;  imn  liJI  it  u  ;u  liit 

irvii  the  r«iin  slops.     It  then  falla,  asd  agaiu  cannecti  the  honk  witU 
4«dtiuiiv  ivtuch  tiraws  up  the  nun  u  before. 

In  Ihiji  macirme,  as  weH  as  Vauloue*s,  the  motion  of  the 
wbepl  is  interrupted,  so  that  very  little  time  U  lost  tti 
opcTTition;  with  a  slight  alteration  it  might  be  made  to 
horses^     It  has  the  advantage  over  Vaulou^'s  en- 
pu  It  of  simplicity;  it  may  be  originally  constructed 

|i  kstfi  expense,  and  is  not  so  liable  to  be  deranged.  Both, 
fcowtrcr,  arc  ingenious  jjcrformaaces^  and  part  of  their  con- 
itrueliQn  tntgfat  be  advantageously  introduced  into  other 
aiaclunes. 


BORING  MACHINE. 

Tp«  boriog  machine  is  employed  for  boring  wooden 
pipes  for  the  conveyance  of  water,  and  for  boring  out  the 
metalUne  cylinders '  used  in  hydraulics^  and  in  pneumatic 
iagines. 

"^        *  !   and  common    method  of  boring,  is  to  have  a 
huf .  ixis  turned  round  by  a  mill,  at  the  end  of  which 

t  barer  ii*  lived,  and  the  cylinder  is  fastened  down  upon  a 
carriage,  aUding  in  a  direction  parallel  to  its  axis,  and  drawn 
forirard*  U*  the  borer  by  the  descent  of  a  weight.  The  ob- 
jection to  thiB  method  is,  that  any  deviation  from  a  rectilineal 
mptiofi  in  the  carriage,  will  be  transferred  to  the  cylinder, 
it  to  be  crooked ;  and  that  the  weight  of  the  borer 
«xb  acting  on  the  lower  side  only  of  tlie  cylinder, 
it  to  cut  away  more  at  that  part,  and  render  the  metal 
of  the  cylinder  of  unequal  thickness.  This  evU,  however, 
Kra«,  in  nome  mcahure,  obviated  by  a  contrivance  of  Mr. 
JoimSmeaton,  which  was  a  steel-yard  mounted  upon  a  mova- 
ble vrhcfl  4iirri;ige,  running  within  the  cylinder.  By  suspend- 
iD|^  the  weight  of  the  cutter  and  boring-bar  from  it,  iJie 
mnchinr  was  much  improved,  though  still  very  imperfect. 

A  V-  Imders,  which  if  not  liable  to  any  of 

Hmm  io  -ci  iu  Uie  niatmtr  shown.    Fig,  3Hi4  « 

^tfS|Mclivc:  \  I-  ju  it>t?  action  of  boring  otit  u  cylinder  for 

' a  tUPWW-fijg" '  '<<^£  explain  the  con>uticuoii  of  its  pacta,  and 
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are  drawn  to  a  tcale.  In  fig.  314,  A  A  denote  two  oak  gromid  nlia, 
which  are  firmly  bolted  down,  parallel  to  each  other,  upon  sleepers  let  into 
the  ground.  At  each  end  of  these  a  vertical  iron  fiame,  B  B,  is  erected,  to 
support  Uie  ffudgeons  at  the  end  of  a  long  cylindrical  axis,  D  D,  which  is 
^med  round  by  the  mill.  The  cylinder  L  L,  which  is  to  be  bored,  is  fixed 
immoyable  oy^  the  bar,  and  exactly  concentric  with  it.  A  piece  of  — ^ 
iron  KK,  LL,  (fin.  310,  312,  and  313,)  called  a  cutter-head,  slides 
the  axis,  and  has  fixed  into  it  the  knives  or  steelings  ///,  which  pei 
the  boring.  This  cutter-head  is  moved  along  the  bar  hy  machinery,  to  bt 
bereafter  described ;  by  means  of  which  it  is  drawn  or  forced  through  the 
cylinder,  at  the  same  time  that  it  turns  round  with  the  axis  D.  TIm  steel 
cutters  wiH  necessarily  cut  away  any  potuberant  metal  which  projecta 
within  the  cvlinder,  in  the  circle  which  they  describe  by  their  motioO|  bal 
cannot  possibly  take  any  more. 

The  cylinder  is  held  down  upon  an  adjustable  framing,  which  is  ready 
adapted  to  receive  a  cylinder  or  any  size  within  certain  limits.  Pieces  of 
iron,  £  ^,  are  bolted  down  to  the  ground  sills,  having  grooves  tfarougli 
them  to  receive  bolts,  which  fiisten  down  two  horizontal  pieces  of  cast-iron 
F  F,  at  right  angles  to  them.  These  horizontal  pieces  support  four  movable 
upright  standards  GG,  which  include  the  diameter  of  tne  cylinder  LL» 
which  is  supported  upon  blocks,  b  b,  below,  and  held  &st  b^  iron  bands  aa^ 
dravm  by  screws  in  the  top  of  the  standards  G  G.  The  cyhnder  is  adjusted, 
to  be  concentric  with  the  axis  D  D,  and  held  firmly  in  its  place  bj 
means  of  wedges  driven  und^r  the  blocks  and  the  ^^ndards. 

To  expUin  the  mechanism  by  which  the  cutters  are  advanced,  we 
must  refer  to  figs.  311,  312,  and  313,  by  the  inspection  of  which  it  will 
be  seen  that  the  axis  D  D  is,  in  fiu^t,  a  tube  of  cast-iron,  hollow  throogboot. 
It  is  divided  by  a  longitudinal  aperture  e  e,  fig.  310,  on  each  side.  Ai  tkB 
ends  of  it  is  left  a  complete  tube»  to  keep  the  two  yalves  together.  Jhe 
cutter-head  K  K,  L  L,  consists  of  two  parts ;  of  a  tube  K  fitted  upon  the 
axis  D  vrith  the  greatest  accuracy,  and  of  a  cast-iron  ring  LL,  fixed  upon 
K  K  by  ibur  wedges.  On  its  circumference  are  eight  notches,  to  receive 
the  cutters  or  steelings  //,  which  are  held  in  and  adjusted  by  wedges. 
The  slider  K  is  kept  from  slipping  round  with  the  axis,  by  means  of  two 
^bort  iron  bars  ««,  which  are  put  through  to  the  axis,  and  received  into 
notches  cut  in  the  ends  of  the  sliders  K  K.  These  bars  have  holes  in  the 
middle  of  them  to  permit  a  bolt  at  the  end  of  the  toothed  ladL  L  to 
pass  through.  A  key  is  put  throuffh  the  end  of  the  bolt,  which,  at  tiJie 
same  time,  prevents  the  rack  being  drawn  back,  and  holds  the  cross  bets 
/  e  in  their  places.  The  rack  is  moved  by  the  teeth  of  a  pinion  N,  and  is 
kept  to  its  place  by  the  roller  O ;  the  axis  of  the  pinion  and  roller  being 
supported  in  a  framing  attached  to  the  standard  B  B,  as  shown  in  a  per- 
spective view  of  the  machine  in  fig.  314.  The  pinion  is  turned  round  by 
PL  lever,  put  upon  the  square  end  of  the  axis,  and  loaded  with  the  weight 
P,  that  it  may  have  a  constant  tendency  to  draw  the  cutter  through  the 
cylinder.  This  lever  is  capable  of  being  put  on  the  square  end'  of  tl« 
axis  eithsr  way,  so  as  to  force  the  rack  back  into  the  cylinder  if 


In  some  boring  machines,  another  contrivance,  superior  perhaps  to  what 
we  have  now  dfescribed,  is  employed  to  draw  the  cutter  through  the 
cylinder.  It  consists  of  four  small  wheels,  one  of  which  is  fixed  at  the 
right-hand  extremity,  D,  of  the  bar  D  D,  fig.  314.  Another  pinion  is 
fastened  on  the  extremity  of  an  axis,  analogous  to  the  rack  M,  having  at 
its  other  extremity  a  small  screw,  vrhich  works  in  a  female  screw,  fixed  to 
the  cutter  K  K  mt «,  fig.  310.     Below  the  second  pinion  is  another^  eon- 
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Mlf,  »<  Hit 
llb^  iR  9qmk,    As  the  kos  D  wtoliin, 

■tto^  »■■■  beipg  faM  t»  !■  Maiiiaia  I>0,  wiimm  A»  waxmrn  Urn 
Mill  I  ■  II I  Mill .  Mil  nf  niMM  ■Mini  tin  !■»«■  ■iiMiui  iti^  ilw  ntiaJM 
xkk  •craw  Ins  eight  ihiwiti  in  SB  iadi»  cad  siHy  uraa  of  iht  mi  ftp 
ivqflitM  to  CHt  one  tack 

To  tocntdaoe  &  cjUndtr  hMa  its  pbee  in  ilw  WMfcinii^  il  is  ntoHMffjr  I* 
reiD9f*  the  «pper  hcaees,  H  of  tM  becriass  upon  ihli  MaiMiiinl^  D  Bi 
sod  hy  sMp|joiUDg  die  >ns  upon  hteob  ptood  wkr  <h»  iiidt^ 
fmdard,  with  the  pinoa  N,  ftnd  rotter  fmnie,  is  rmw^Kl  by  t^^ 
■Htt  wh*di  €ntan  ii  lo  the  groand  silk  A  A.  the  n|ch  M  being  su^}u^«d 
previoQily  witbdnwn.  A  cutier-btoek  L,  of  •  proper  siM  to  boc«  out  the 
laiCBiled  qrUiider»  ts  oow  placed  upon  the  stider  K.  %.  3t3»  end  wfdgvd 
&lf.    Hie  cuuer4kead  is  iben  roofed  lo  the  htxUvf  rmi  of  the  eiisi  end 

Ac  cylmder  lii^ed  into  its  place.    The  stiuidiml  B  it  rr" '->    -inrl  tbe 

irhole  machine  bimight  lo  the  st^e  of  ^,  314,  the  c>i  ,(,  by 

(scimAtioii.  ^1  lodged  cooceothc  with  the  axis  I).    Two  i  •{!  art 

noM  ito  tlie  f  c  in   the  axiSi  and  applied  tu  iho  tuth  of  ihe 

rrirr  the  axis  is  turned  round  they  act   as  comna»»cs  to  prove 

y  of  the  cylinder.     Small  iron  wed|d;t^«  are  drawn  round  itt 
fast    it  with  the  utmost  accuracy^   and  in  ihia    itaiv  tlie 
cjrUinlcT  L5  icid|  for  boring. 

The  next  operation  is  felling  the  cutters,  which  arc 
fastened  into  the  block  L  by  wedges,  and  adjunted  by  turn- 
ing the  axis  round,  to  ascertain  that  tlicy  all  dcvcrihe  the 
£ame  circle.  'J'he  boring  now  commences  by  putting  the 
mill  and  axis  in  motion,  and  the  niaohine  requires  no  atten- 
tion, except  that  the  weight  P  is  lifted  up  as  often  nv>  it 
rlesrend!)  by  the  motion  of  the  cutters  or  wtee'lingit.  When 
the  cutlers  are  drawn  down  through  the  cyliiulcr,  they  nt*« 
net  1/1  u  circle  a  small  qudutity  larger,  and  returned  thr 
cylinder  u  second  time.     For  common  work  thcKc  fij*  m 

are  sufficient;  but  the  best  cylinders  are  bored  nmny  tinicB, 
in  order  to  bring  them  to  a  proper  cylindrical  Hurface.  Thts 
last  operation  ia  turning  the  flanch  n  of  the  cylinder  per- 
fectly flat,  by  wedging  a  proper  cutter  into  the  head.  ThU 
ift  of  great  importance  to  ensure  that  the  lid  will  fit  perpeiw 
liictilar  to  the  axis  of  the  cylinder.  The  cylinder  i»  now 
finishL'd  and  removed. 

The  accuracy  of  this  machine  depcndii  on  the  bo- 
^  D,  being  turned  upon  its  own  giidgeonii }  and  if  it  '  1 

*o  the  tame  diameter  throughout,  it  will  certainly  be  per- 
fectly straight.  While  the  axis  ia  in  the  otN^nitiou  of  turn  • 
iy,  a  piece  of  hard  wood  should  be  fitted  mto  the  grmtvcn 
«  Uk  cylinder.     The    slider  K   is  first   bored  out,  aikI 
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afterwards  ground  upon  the  axis  wHh  emery  to  6t  m  true 
possible. 

The  elevation  of  a  raill  proper  for  rooviag  Iwo  of  ilirse  mi 
rvpreseiited  in  fig.  310.    Tbe  pinion  30  i%  Kuppoied  to  be  on  the 
a  water-wUe€i,  and  turns  the  two  wheels  60,  60,  which  have 
aJiea,  with  a  cross-cut  fimilar  to  the  Kt-ad  of  s  »crew,  9A  t*  shoWal 
figure. 

The  ends  of  the  boring  axes  have  similar  notches^  md 
pultijig  keys  in  between  them,  the  motion  may  be 
nicated  or  discontinued  at  pleasure,  by  ttie  rcmoTil  of 
key. 


FILEXUTTING  MACHINE. 

Thbre  have  been  various  contrivances  for  thb  ♦^"'•"ocui 
but  the   best   we  are  acquainted  Avith  is  defcrtbt 
TVansacdons  of  the  American  Philmnphictil  Somt^^  nnu 
as  follows  : 

AAA  A,  %.  315,  is  a  bench  of  seasoned  oak.  the  f» 
h  planed  very  smooth.  B  B  B  B  the  feet  of  the  hejtch,  v 
be  subiitoniml.  CCCC  the  carriage  on  which  the  6lcs  are 
moves  ulong  the  face  of  the  betidi  A  AAA,  nar.illd  to  xx$ 
carrie'%  the  tiles  gradually  under  the  edge  of  tne  cutter  or  diu 
wiiilc  the  teeth  are  cut:  this  carriatre  is  made  to  move  !ty 
VMice  somewhat  sum lar  to   Oiai  irl     '  '       '  ^      * 

il|P$  SAW'tnril,  as  Will  he  more  p;u< 
fc^  rod*  inserted  inf. >  ti...  .n-i^  of  iIk    .x. 
the  Holes  in  the  stu*:  Inch  are  > 

the  bench  A  AAA,  !  dsj  the  coui  ' 

raliei  to  the  sides  of  the  bench.  F  F  two  upright  pUlara,  inortiM^  fcmJf^ 
into  tUe  beitch  A  AAA,  nearly  equidistant  from  each  end  of  it,  nr->.T  tlij 
edtce.  and  directly  opposite  lo  each  other.      G  th>  itM 

Carrie*  ilie  cutter  11  ll,  infixed  by  tlie  screw  I,)  and  ■ 

'  vvs  K  K,  wliich  are  fixed  into  the  two  pillars   I'  t  -^lI>«W 

s;*  the  bench  A  A  A  A.     By  tiyrhtening  or  1oose>  'crcwiy 

tiir  uim  >  '     '  pq  thechisel  may  be  made  to  wofknior<e  or  itn«  it^Atltly. 

h  is  the  >cT«w,  by  means  of  which  the  tiile«  niav  be  tui^t  OOASMt 

"'''►'■':  xvr.fLv  „.  .,  .,n.i  >i^  wluch   is  screwed  firmly  apcm  ilic 

-1.1  I   ,  ihc  Hcrew  1.  tienrs  ag^4tn«t   lH»  ^'PPH 

■111  l.t  winch  it  1  .-jfi  rt>e.      ?«    it  a  itltl 


J    ■  ■     •  •  \c  arm  t.., 
aphog,  ont  end  of 
pmses  agaimT  the 
U  fbrcei  I ! 
I'  i»  ail  ;»  I 


)  upwiirdsk  uiilil  it  mt^ilt*  v. 
I  nw  !*r  oii*»  H<nd  m!if1«*K?  <?. 


iixj^,  wru. 
thia  uli€» 
ogftinat  o> 
it  ooruDM 
Iht  61c  : 
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elamp  cr  dog  at  the  opposite  end,  which  works  b^  a  joint  W,  iinbly  fixed 
into  the  cafTiage  C  C  C  C.  Y  is  a  bridge,  likewise  screAired  into  the  car- 
riage^  through  which  the  screw  X  passes,  and  presses  with  its  lower  end 
aniost  llie  upper  side  of  the  clamp  V  ;  under  which  clamp  tJie  other  end 
of  the  file  Z  ^  is  placed,  and  held  tirmly  in  its  situation  vrhile  it  t«  cutting 
hy  the  pressure  of  the  said  clump  V.  7  7  77  is  a  bed  of  Itad,  which  is  let 
into  a  cavity  formed  in  the  body  of  the  carriage,  siomething  broader  and 
Icmger  than  the  largest  sixe  fiks;  the  upper  fauu  of  this  l:>ed  of  lead  is 
formed  variously,  so  as  to  fit  the  different  kinds  of  files  wliich  may  be  re- 
quired. At  the  li(^ires  2  2  are  two  catches,  which  lake  into  the  teeth  of  the 
ratch>wheel  Q*  lo  prevent  a  recoil  of  its  motion ;  3  3  is  a  bridge  to  supjwrt 
one  end,  4,  of  the  axis  of  the  ratch-wheel  Q  ;  3  a  stud  to  support  the  othef 
mm!  of  the  axis  of  that  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  must  be  regu- 
lated to  cut  them  uf  the  due  degree  of  fineness,  by  means  of  tlie  regulaiin)^ 
screw  L;  which,  by  screwing  farther  through  tlie  arm  M,  will  make  the 
filai  finer,  and,  trice  versdy  by  unscrewing  it  a  little,  will  make  them 
ooancr ;  for  the  arm  G  will,  by  that  means,  have  liberty  to  rise  the  higher, 
which  will  occasion  the  arm  P,  with  the  claws,  to  move  further  along  tlie 
periphery  of  the  ratch-wheel,  and  consequently  communicate  a  more 
tsteiuive  motioti  to  the  carriage  C  C  C  C,  and  m^e  the  file^  coarser. 

When  the  machine  is  thus  adjusted,  a  blitid  man  may 
cut  a  file  with  more  exactness  than  can  be  done  in  the  ustjal 
method  by  the  keenest  night ;  for  by  striking  with  a  hammer 
on  the  head  of  the  cutter  or  chisel  H  H,  all  the  movements 
are  set  at  work  ;  and  by  repeating  the  stroke  with  the  ham- 
mer, the  files  on  one  side  wiU  at  lengtl^  be  cut ;  then  they 
must  be  titmed,  and  the  operation  repeated  for  cutting  on 
the  other  bide.  It  is  needless  to  enlarge  much  on  the  utility 
or  extent  of  this  machine;  for,  on  an  examination,  it  will 
appear  to  persons  of  but  indifferent  mechanical  skill,  lliat 
it  may  be  made  to  work  by  water  as  well  as  by  hand,  to  cut 
coarse  or  fiue,  large  or  small,  files,  or  any  number  at  a  time; 
bat  it  may  be  more  particularly  useful  for  cutting  very  fine 
small  files  for  watchmakers  ;  as  they  may  be  executed  by 
thiA  machine  with  the  greatest  erjuality  and  nicety  imagin- 
able. Att  to  the  materials  and  dimensions  of  the  several  parts 
cl  this  machiue,  they  are  left  to  the  judgment  and  skill  of 
tlie  artist  who  may  have  occasion  to  make  one  ;  only  t\h- 
96rv\tWf  that  the  whole  should  be  capable  of  bearing  a  good 
dtiii  of  violence. 


RAMSDEN'S  DrVlDiNG  MACHINE. 

This  valuable  instrument  is  the  invention  of  Mr.  Jesse 
iUunsden»  to  whom  the  Commissioners  of  Longitude  gave 
the  sum  of  615/.,  upon  his  entering  into  an  engagement  to 
instruct  a  certain  number  of  persons,  not  exceeding  ten,  in 
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the  method  of  making  and  using  this  macliinc,  in 
of  two  years,  say,  from  the  28tli  October,  177'^*»  t/> 
tober,  1777;    sdso   binding  himself  to  dinde  all  hcc\ 
octants  by  the  same  engine,  at  the  rate  of  three  sliillii^ 
each  octant,  and  six  shillings  for  each  brass  sectftut, 
Nonius's  divisions  to  half  minutes,  for  as  lonir  tirnt? 
Commissioners  should  think  proper  to  let  the 
in  his  possession.  Of  this  sum  300i.  were  given 
den,  as  a  reward  fur  the  usefulness  of  his  invent 
for  his  i^^'ing  up  the  property  of  it  to  the  Com 

The  following  is  the  Jescription  of  the  en: 
Mr.  Rauisden,  upon  oath ; 

This  engine  consists  of  a  large  wheel  of  bell-metal, 
ported  on  a  mahos^any  stand,  havijig  three  Ir 
strongly  connected  together  by  braces,  so  as  tx- 
fcctiy  steady.     On  eacli  leg  of  the  stand  is  phwrcd  a  conii 
friction-pulley,  whereon  tlie  dividing  wheel  rests ;  to 
tbe  wheel  from  sliding  oiT  the  friction-puUics,  liie  bd 
centre  under  it  turns  in  a  socket  on  the  top  of  the  b< 

The  circumference  of  the  wheel  is  ratched  or  mt 
method  which  will  be  described  hereafter)   inti      "m 
in  which  an  endless  screw  acts.    Six  rcvolutiou 
will  move  the  wheel  a  space  equal  to  one  degree* 

Now  a  circle  of  brass  being  fixed  on  the  screw- 
having  its  circumference  divided  into  sixty  (larUt, 
sion  will,  consequently,  answer  to  a  motion  of  the 
ten  seconds,  six  of  them  will  be  equal  to  a  minute,  &c. 

Several   different    arbors   of    tempered    steel    are 
ground  into  the  socket  in  the  centre  of  the  whreL 
upper  parts  of  the  arbors,  that  stand  upon   •■ 
turned  of  various  sizes^  to  suit  the  centres  of  d   , 
of  work  to  be  divided. 

When  any  instrument  is  to  be  divided,  the  cenlrr  of  it 
very  exactly  fitted  on  one  of  these  arbors  ;  and  tl 
ment  is  fixed  down  to  the  plane  of  the  dividing  \w*.  w., 
jueans  of  screws,  which  fit  into  holes  made  in  tkt  radii 
the  wheel  for  that  purpose. 

The  instrument  being  thus  fitted  on  the  plane  of  the* 
the  frame  which  carries  the  dividing  point  is  con 
onc!  end  by  finger-screws,  with  the  frame  which    t 
cndless-screw ;  while  the  otiier  end  embi  j    part 

the  steel  arbor  which  stands  above  the  i  j  li^nt  lu 
divided,  by  on  angular  notch  in  a  piece  of  hatdeacd  mI 
by  this  tneans  both  ends  of  the  frame  are  kcpl  peifc 
♦Icady  and  free  from  any  bhakc. 
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The  fnune  carrying  the  dividing-point  or  tracer,  is  made 
to  slide  on  the  frame  wliich  canif s  the  endlcsji-scre^r  to  any 
distance  from  the  centre  of  the  wheel,  as  the  radius  of  the 
kutrumcnt  to  be  divided  may  require,  and  may  be  there 
fikstened  by  tightening  two  clumps  ;  and  the  dividing-point 
or  tracer,  being  connected  with  the  clumps  by  the  double- 
jointed  frame,  admits  a  free  and  easy  motion  towards  or 
frotn  the  centre  for  cutting  the  divisions,  without  any  lateral 
iihiike. 

From  what  has  been  said,  it  appears  that  an  instrument 
thins  fitted  on  the  diWding-wheelj  may  be  moved  to  any  angle 
by  the  Bcrevv  and  divided  circle  on  its  arbor;  and  that  this 
angle  may  be  marked  on  the  limb  of  the  instrument  with  the 
greatest  exactness  by  the  dividing-point  or  tracer,  which  can 
only  move  in  a  direct  line  tending  to  the  centre,  and  is  alto- 
gether freed  from  those  inconveniences  that  attend  cutting 
ay  means  of  a  straight  edge.  This  method  of  drawing  lines 
will  also  prevent  any  error  that  might  arise  from  an  expan- 
stion  or  contraction  of  the  metal  during  the  time  of  dividing. 

'llic  screw- frame  is  fixed  on  the  top  of  a  conical  pillar, 
which  turns  freely  round  its  axis,  and  also  moves  freely 
towards  or  from  the  centre  of  the  wheel,  so  that  the  screw- 
fmmc  may  be  entirely  guided  by  the  frame  which  connects  it 
with  tlie  centre:  by  this  means  any  eccentricity  of  the  wheel 
and  the  arbor  would  not  produce  any  error  in  the  dividing ; 
aud  by  a  particular  contrivance,  (which  will  he  described 
hereafter,)  the  screw  when  pressed  against  the  teeth  of  the 
wheel  always  moves  parallel  to  itself;  so  that  a  line  joining 
tlic  centre  of  the  arbor  and  the  tracer  continued  will  always 
make  equal  angles  with  the  screw. 

Fig.  316  represents  a  perspective  view  of  the  engine. 

Fig.  317  is  a  plan  of  which  B;^.  313  represents  a  section  on  the  Hne  IIA. 

The  large  wlieel  A  ii  45  inches  in  diameter,  and  has  10  radii,  eadi  being 
f«pporte<l  by  edge-barn,  as  represented  m  fig.  318.  These  bajs  and  radii 
we  connecteii  by  a  circular  ring  B,  24  inche^sin  diameter  and  3  inches  deep; 
ttd,  for  greater  ittreo[;th,  tlie  whole  is  cast  m  one  piece  in  bell-iueta!. 

An  iJie  whole  weight  of  the  wheel  A  rests  on  its  ring  B,  the  edge-ban 
are  deepest  where  they  join  it ;  and  from  thence  their  depth  diminishes, 
bothtu%*.irds  the  centre  and  circumference,  as  represented  m  fig.  318 

1>„,  ,f  .  of  the  wheel  A  was  worked  very  even  and  flat,  and  its  cir- 
Will!  i..d  true,     Tlie  ring  C,  offine:  brasa,  was  fitted  very  exactly 

On  ti  .i!nce  of  the  wheel,;  and  was  fastened  iheteoii  with  screws, 

*hii  injj;  screwed  as  light  as  possible,  were  well  riveitcd.    The 

W  chuck  beini^  turned  very  true  and  flat  in  the  lathe,  the  flal- 

tcnwl  »urfiicc  A,  fig.  318,  of  the  wheel,  was  fastened  aijainst  it  with  hold- 
tnn;  3r«J  the  two  surfaces  and  circumference  of  the  ring  C,  a  hole  ibrough 
^  centre  and  t}ie  plane  part  round  b,  and  the  lower  edge  of  the  ling  B> 
*ere  lurnid  at  the  same  lime. 
D  u  a  piece  of  hard  beU-nictal^  having  a  bole,  which  rt?ctiv^  lh«  stc^l 
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arbor  tf,  made  Tei^  straight  and  true.  ThisbeU-metal  «ras  fumed  raj  true 
on  an  arbor;  and  the  &ce,  which  rests  on  a  wheel  at  b,  was  tunied  rerj 
flaty  so  that  the  steel  arbor  d  might  stand  perpendicular  to  the  plane  of  the 
wheel;  this  bell-metal  was  listened  to  the  wheel  by  six  steel  screwB. 
'  A  brass  socket  Z  is  fastened  on  the  centre  of  the  mahogany  stand,  and 
receifes  the  lower  part  of  the  bell-metal  piece  D,  being  imide  to  touch  the 
bell-metal  in  a  narrow  part  near  the  mouto»  to  prevent  any  obliquity  of  dM 
wheel  from  bending  the  arbor ;  good  fitting  is  by  no  means  necessary  here; 
since  any  shake  in  this  socket  will  produce  no  bad  effect,  as  will  i^ipear 
hereafter  when  we  describe  the  cutting-frame. 

The  wheel  was  then  put  on  its  stand,  the  lower  edge  of  the  ring  B, 
figs.  316,  317,  and  318,  resting  on  the  circumference  of  three  coiiiod  friction 

SiUeys  W,  to  iisLcilitate  its  motion  round  its  centre.  The  axis  of  one  of 
ese  pulleys  is  in  a  line  joining  the  centre  of  the  wheel  and  the  middle  of 
the  endless-screw,  and  the  other  two  placed  so  as  to  be  at  equal  distancei 
from  each  other. 

Fig.  316  is  a  block  of  wood  strongly  fiaistened  to  one  of  the  kn  of  the 
stand ;  the  piece  g  is  screwed  to  the  upper  side  of  the  block,  and  has  half- 
holes,  in  which  the  transverse  axis  h,  fig.  319,  turns;  the  halHioles  are  kept 
together  by  the  screws  i. 

The  lower  extremity  of  the  conical  pillar  P,  figs.  316  and  319,  tanninates 
in  a  cylindrical  steel  pin  k,  fig.  319,  wliich  passes  through  and  tarns  in  the 
transverse  axis  A,  ana  is  confuted  by  a  check  and  screw. 

To  the  upper  end  of  the  conical  pillar  is  fastened  the  frame  G,  fig.  319, 
in  which  the  endless-screw  turns;  the  pivots  of  the  screw  are  formed  in  the 
manner  of  two  frustrums  of  cones  joined  by  a  ^linder,  as  repesented  at  X, 
fig.  320.  These  pivots  are  confined  between  half-holes,  which  press  only 
on  the  conical  parts,  and  do  not  touch  the  cylindric  parts ;  the  half4ioles 
are  kept  together  by  screws  a,  which  may  be  tightened  at  any  time,  to 
prevent  the  screw  from  shaking  in  the  frame. 

On  the  screw-arbor  i.s  a  small  wheel  of  brass  K,  figs.  316,  317,  319,  and 
320,  having  its  outside  edge  divided  into  60  parts,  and  numbered  at  every 
sixth  division  with  1, 2,  &c.  to  10.  Tlic  motion  of  this  wheel  is  ahown  l^ 
the  index  y,  figs.  319  and  320,  on  the  screw-frame  G. 

II,  fig.  316,  represents  a  part  of  the  stand,  having  a  parallel  allt  in  the 
direction  towards  the  centre  of  the  wl>eel,  large  enough  to  receive  the  upper 
part  of  the  conical  brass  pillar  P,  which  carries  the  screw  and  its  fnune; 
and  as  the  resistance,  when  the  wheel  is  moved  by  the  endless-icrew,  is 
against  the  side  of  the  slit  II  which  is  towards  the  left  hand,  that  side  of 
the  slit  is  faced  witii  brass,  and  the  pillar  is  pressed  against  it  by  a  steel 
spring  on  the  opposite  side ;  by  this  means  the  pillar  is  strongly  suppwted 
laterally,  and  yet  the  screws  may  be  easily  pressed  from  or  agamst  the 
circumfierence  of  the  wheel,  and  the  pillar  will  turn  freely  on  its  axis  to  take 
any  direction  given  it  by  tJie  frame  L. 

At  each  comer  of  the  piece  I,  fig.  319,  are  screws  n,  of  tempered  sted, 
having  polished  conical  points ;  two  of  them  turn  in  conical  holes  in  the 
screw-frame  near  o,  and  the  points  of  the  other  two  screws  turn  in  the 
holes  in  the  piece  Q ;  the  screws  p  are  of  steel,  which  being  tixhtened, 
prevent  the  conical  pointed  screws  from  unturning  when  the  trame  b 
moved. 

L,  figs.  316,  317,  and  321,  is  a  brass  frame,  which  serves  to  oonnect  the 
endless-screw,  its  frame,  &c.  with  the  centre  of  the  wheel ;  each  am  of  this 
frame  is  terminated  by  a  stfeel  screw,  that  may  be  passed  through  a^y  of 
the  holes  g,  in  the  piece  Q,  fig.  319,  as  the  thidmess  of  the  -WDrk  to  ba 
divided  on  the  wheet  may  require,  and  are  &stened  by  the  fing«r-nnl»  r, 
figs.  316  and  317. 
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At  the  end  of  this  (rame  is  a  flat  piece  of  tempered  steel  b,  Gg.  321, 
fvhaetn  is  an  angular  notch ;  when  the  endleas-screw  is  pressed  against  the 
lesth  of  the  circumference  of  the  wheel,  which  may  be  done  by  turning  the 
fageTHBcrew  S,  figs.  31G  and  317,  to  press  againvt  the  spring  i,  this  notch 
esBBraDes  nnd  presses  against  the  steel  arbor  d.  Tliis  ena  of  the  frame  may 
be  aised  or  depressed  l>y  moving  the  prismatic  slide  a,  fig.  317,  whidi  may 
be  filed  at  any  neight  by  the  four  st^^el  screws  v,  figs.  31 6,  317,  and  321. 
The  bottom  of  this  slide  lias  a  notch  K,  figs.  316  and  321,  whose  plane  is 
— **-■  to  the  endless-screw,  and  by  the  point  of  the  arbor  d,  hg.  318, 
in  this  notch,  this  end  of  the  frame  is  prevented  from  tilting.  The 
~S,  figs.  316  and  317,  is  prevented  from  uniurning,  by  tightening  the 
fager4nit  w. 

Hie  teeth  on  the  circumference  of  the  wheel  were  cut  by 
the  following  method: 

Having  considered  what  number  of  teeth  on  the  circum- 
faence  would  be  most  convenient,  which  in  this  engine  is 
9100y  or  360  multiplied  by  6, 1  made  two  screws  of  the  same 
fmension  of  tempered  steel,  in  the  manner  hereafter  de- 
Kribed,  the  internal  between  the  threads  being  such  as  I 
knew  by  calculation  would  come  within  the  limits  of  what 
nuglit  be  turned  of  the  circumference  cf  the  wheel :  one  of 
these  screws,  which  was  intended  for  ratching  or  cutting  the 
teethy  was  notched  across  the  threads,  so  that  the  screw, 
when  pressed  against  the  edge  of  the  wheel  and  turned 
romidy  cut  in  the  manner  of  a  saw.  Then  having  a  segment 
of  a  circle  a  little  greater  than  GO  degrees,  of  about  the  same 
ndins  with  the  wheel,  and  the  circumference  made  true, 
from  a  very  fine  centre,  1  described  an  arch  near  the  edge, 
ad  set  off  the  chord  of  GO  degrees  on  this  arch.  This  seg- 
ment was  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
latdiedy  and  the  number  of  revolutions  and  parts  of  the 
screw  contained  between  tlie  interval  of  the  60  degrees  were 
counted.  The  radius  was  corrected  in  the  proportion  of 
960  revolutions,  which  ought  to  have  been  in  GO  des^ees,  to 
the  number  actually  found ;  and  the  radius,  so  corrected,  was 
taken  in  a  pair  of  beam-compasses ;  while  the  wheel  was  on 
the  lathe,  one  foot  of  the  compasses  was  put  in  the  centre, 
and  with  the  other  a  circle  was  described  on  the  rius ;  tl^en 
half  the  depth  of  the  threads  of  the  screw  being  takezi  in 
dividers,  was  set  from  this  circle  out'.vards,  and  another 
drde  was  described  cutti:.^  this  point;  a  hollow  was  then 
tamed  on  the  edge  of  the  wheel,  of  the  same  curvature  aa 
that  of  the  screw  at  the  bottom  of  the  threads,  the  bfAXcm 
of  this  hollow  was  turned  to  the  same  radius  or  dimuicf:  from 
the  centre  of  the  wheel,  as  th*^  outward  of  the  fvo  circles 
Mbffe-mentioned. 

The  wheel  was  now  uken  o3f  the  lali.e,  and  the  LeU-metal 
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piece  D,  fig,  318,  was  screwed  on  as  before  dlrcct^j 
after  this  ought  not  to  be  removed. 


(}iM   H 
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From  a  very  exact  centre  a  circle  xv  ;■   *  -.-'"•-* 
317,  and  318,  about  four-tenths  of  ai 
leelii  would  come.     This  circle  was  li     .    .  '      ^ 

was  capable  of,  first  into  five  parts,  and  each  of  these  into  tkns 
parts  were  then  bisected    four  times,  (that  is  to  say.)  ^Tipfrmioj  the 
circumference  of  the  wheel  to  contain  2160  teeth*  tl 
five  parts,  each  would  contain  432  teeth ;  which  bt  i 
{Nurts,  each  of  them  would  contain  144;  and  tin 
Wdidd  give  72,  36,  18,  and  9  ;   iherefoie  each 
contain  nine  teeth.     Bui,  as  I  was  apprcti.  n    •  > 
fmm  quincjuesection  and  tiisectjon,  in  onit  r  in  »  viri, 
divisions,  1  described  another  circle  on  tht:  nnu'  i  , 
an  inch  within  the  forroRr,  and  divided  it  by  contiMu 
1080,  540,  270,  135,  67*,  and  33|;  and  as  the  U\>-<\  vi" 
presently)  crossed  both  the  circles,  I  could  cxarnme  their    i.t' 
ere^  135  revolutions;  fafter  ratching,  could  ejuxmine  it  :it  t  •   -    ' 
not  finding  any  sensible  difference  between  tl^e  two  ^ 
ralching,  made  choice  of  the  former ;  and,  as  the  coinci  i 
with  an  intersection  could  be  more  exaclly  det> 
division,  I  therefore  made  use  of  intersections  in  I 

The  arms  of  the  frame  I^  fig.  322,  were  conftei  u  u  l>v  ,i  . 
of  three>founhs  of  an  inch  broad,  having  a  hole  in  the  mid 
of  an  inch  in  diameter ;  acroM  this  hole  a  silver  wire  was  i 
line  to  the  centre  of  the  wheel;  the  coincidence  of  tliis  wi: 
sections  was  examined  by  a  lens  seven-tenths  of  an  inch  for 
Hvhich  waa  attached  to  one  of  the  arras  L.*     Now  a  hand! 
fixed  on  ihe  end  of  the  screw,  the  division  marked  10,  on  ' 
set  to  its  index.,  and,  by  means  of  a  clamp  and  adjustiug-s* 
pofte,  the  intersection  marked  1  on  tlie  circle  C  was  set  e> 
with  the  fixed  wire ;   the  screw   was  then  caxefolly    pre- 
Circumference  of  the  wheel,  by  turninn:  the  finper-screw  S. 
the  clamp,  I  turned  the  screw  by  Us  handle  niDe  revoluti*  « 
section  marked  240  c^me  nearly  to  the  wire;  then,  untu 
screw  S,  1  released  the  screw  from  the  wht>cl^  and  turned  :  .. 
^till  the  intersection  marked   2  exactly  coincided  with  the  w»rc; 
means  of  the  clamp  before-mentioned,  the  division  10  on  lh»^  rird 
iet  to  its  index,  the  screw  was  pressed  against  the  edge  of  t 
fingCf-screw  S  ;  the  clamp  wire  removed,  and  the  screw  tur- 
tionstill  the  intersection  marked  I  nearly  coincided  with  tb 
acrew  was  released  from  the   wheel  by  untuming  the  fi 
before;  the  wheel   was   turned  hack  till  the  interjiection  : 
the  fixed  wire;  the  division  10  on  the  circle  bcini?  set  < 
y...,."."  ..    r...,..,  ,..i  „.,..,.,.,*  iin-  nvheel  as  bf*""-"    '    -^  *'^" 
>  ersection  2  nern  ! 

:.  -  I  1 ;  and  I  pnw. 

V  Uie   whole   cirt 

r   ,  '   round,  to  maki 

I  lh»:  1  liifc  wlieel  round  conlinuaily  in  tin:  i.aine  d4t»?iiipa 

tver  ,;  the  screw ;  and,  in  ratching  the  whet;l  nbo^t  300 

round,  lin^  ittih  were  finished. 

*  The  tat4!r9cclbnt  are  mftrkcd  for  dt«  take  of  lUntCraUvO,  IkOQg^ 
inrtilblct  they  lylo;  aadcr  the  bm»  plate* 


fi^t   mi 
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II  u  eTldost  if  the  ciccumfBrencv  yf  Ibe  wheel  wtrt  erca 
ooc  tooth  or  ten  minutes  gre«t€r  tiiftD  the  ficreir  vioulii 
TOquirey  this  error  would  in  the  first  instance  be  reduced  lo 
v^v  pnrt  uf  a  revolution^  or  two  seconds  and  a  half;  and  these 
errora  or  iuequiUities  of  the  teeth  be  equally  distributed 
rouod  the  wheel  at  the  distance  of  nine  teeth  from  each 
atiier.  Now,  as  the  screw  in  ratching  had  continually  bold 
of  aeireral  teeth  at  the  same  time,  and  these  constantly 
dnngii^^  the  above-mentioned  inequalities  soon  corrected 
Iheniselvea,  and  the  teeth  were  reduced  to  a  perfect  equality. 
The  piece  of  brass  which  carries  the  wire  was  now  taken 
nsmj,  ttnd  the  cutting-screw  was  also  removed,  and  a  plain 
due  (heroilter  described)  put  tn  its  place;  on  one  end  of  the 
■cmr  is  a  snudl  brass  circle,  iiaidng  its  edge  divided  tnXo 
wbtHf  e(|ual  partSy  and  numbered  at  every  sixth  divisioOy  as 
bcwe  mentioned. 

C^  the  other  end  of  the  screw  in  »  rfttchet-wheel  c^  hmring  moxj  tMth, 
cw»M«id  by  the  hollowed  circle  d,  5g.  320,  which  carries  two  clicks  thsi 
yidi  vpoti  the  opposite  sides  of  Uie  ratchet  when  the  screw  is  to  he  nottd 
twiM  The  cytinder  S  tarns  on  a  strona  steel  arbor  F,  which  {■■« 
ihioa^  and  is  tinuly  screwed  to  the  piece  Y  ;  this  T>jece,  for  greater  fina* 
witmf  M  attached  to  the  screw-frame  G,  tv,  319,  by  the  braces  v;  a  spiral 
move  Of  iJtread  is  cat  on  the  outside  of  the  cylinder  S,  which  serves  both 
wr  Mtog  the  string,  and  also  giving  molion  to  the  lever  J  on  its  centre, 
\n  aieBBa  of  a  iteel  tooth  n,  that  works  between  the  threads  of  the  spini, 
To  ibt  IcTtr  is  attached  a  strong  steel  pin  m,  on  which  a  brass  socket,  r. 
liifBS  ;  this  iodcet  passes  through  a  slit  in  the  piece  p^  and  may  be  tightened 
IB  maif  p«t  of  the  slit  by  the  finger>nut/;  this  piece  lerres  to  regulate  tb» 
flodier  of  levoluUons  of  the  screw  Ibr  each  treaJ  of  the  treadle  R. 

T»  tfv,  316«  is  a  brass  box  containing  a  spiral  spring ;  a  strong  gut  is 
IhrttPW  sad  turned  three  or  four  times  roundf  the  circumfereiice of  this  box; 
ihi  gal  ihtttt  passes  several  times  round  the  cylinder  S,  uhI  from  thcoca 
down  to  the  treadle  R,  fig.  316.  Now,  when  the  treadle  is  pressed  d^nrab 
Ihi  iHiog  pulls  the  cylinder  S  round  its  axis,  and  the  clicks  catchiaf  hoM 
of  ihf  l««ih  on  the  ratchet  carry  the  screw  round  with  it,  till,  by  the  tooth  • 
woikitsg  tn  the  spiral  groove,  the  lerer  J,  fig.  319,  is  brought  near  lh« 
nhetl «,  and  the  cylinder  stopped  by  the  screw-head,  «,  striking  on  the  top 
cf  the  •ever  J  ;  at  the  same  time  the  spring  is  wound  up  by  the  other  end  of 
tki  |irt  passing  round  the  boxT,  fig,  316.  Now,  when  the  foot  is  takeo 
ot  the  treadle,  the  spring,  unbending  iuelf,  rulls  back  the  cylinder,  the 
dkk*  ^-^v>""  ihe  ratcnel  and  screw  at  rest  till  the  piece  /  strikes  on  the  end 
•ftfcf  ,  lig.  316;  the  number  of  revolutions  of  the  screw  at  each 

iftati  .1  by  the  number  of  revolutions  the  cylinder  is  allowed  to 

tttm  back  beime  the  stop  strikes  on  the  piece  p, 

Wlieti  the  endless-screw  was  moved  round  its  axis  with  a  considerable 
tdocity^  it  would  continue  that  motion  a  little  after  the  cylinder,  figs.  316 
and  319,  was  stopped;  to  prevent  this,  the  angular  lever  n  was  midei, 
ttel  whea  the  lever  J  comes  near  to  step  the  screw  4^,  it,  by  a  small  chlta* 
Hr.  prMMS  down  the  piece  tc  of  the  angular  lever ;  this  brings  tha  otbfr 
ttMy  If,  of  the  same  lever  forwards,  and  slops  the  endless-screw  by  tht  ftt<} 
pin,  M,  itrikitig  up<>n  ibe  top  of  it :  tht  foot  of  the  lever  is  raised  sgain  by  a 
[#«udl  spring  ^e%sin|  on  the  bract  v 
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D,  two  damps,  connected  by  the  piece  «,  slide  one  on  eadi  ami  of  the  fiaat 
X^figi.  310,  317,  and  321,  and  may  be  fixed  at  pleasure  by  the  fimr  fing»< 
screws  9,  which  press  against  the  steel  springs  to  avoid  spoiling  the  annt; 
the  piece  q  is  made  to  turn  without  shake  between  two  conical  poinld 
screws/,  which  are  prevented  from  untuming  by  tightening  the  fiagv* 
nuts  N. 

The  piece  m,  fig.  321,  is  made  to  turn  on  the  piece  f,  by  the  eoHcri 
pointed  screws,  «,  resting  in  die  hollow  centres  e. 

As  there  is  frequent  occasion  to  cut  divisions  on  inclined  planes,  frr  ttat 
purpose  the  piece,  7,  in  which  the  tracer  is  fixed,  has  a  conical  axis  il  taA 
end,  which  turn  in  half-holes ;  when  the  tracer  is  aet  to  any  incBmrtw,  it 
may  be  fixed  there  by  tightening  the  steel  screws  |9. 

BneripHon  of  the  engine  ^  whtek  the  endleee^wrew  of  the  tRnUhgmiiht 

VKU  eut. 

t'ig.  324  represents  this  engine  of  its  fiill  dimensions,  seen  Aon  one  sida 

Fig.  333,  the  upper  side  of  the  same,  as  seen  from  above. 

A,  represents  a  triangular  bar  of  steel,  to  which  the  triangular  holes  is 
the  pieces  B  and  C  are  accurately  fitted,  and  may  be  fixed  on  any  part  of 
the  oar  by  the  screws  D. 

£  is  a  piece  of  steel  whereon  the  screw  is  intended  to  be  cut ;  whidi, 
after  being  hardened  and  tempered,  has  iu  pivots  turned  in  the  fcrm  of  two 
firustrums  of  cones,  as  represented  in  the  drawings  of  the  dividiiuMBi  ' 
fig.  330.  These  pivots  were  exactly  fitted  to  the  half4u>les  F  and  T, 
¥reTe  kept  together  by  the  screws  2. 

H  represents  a  screw  of  untcmpered  steel,  having  a  pivot  I,  which 
the  hole  lb ;  at  the  other  end  of  the  screw  is  a  hollow  oentie,  which  leoavai 
the  hardened  conical  pomt  of  the  steel  pin  m.  When  this  point  is  wffideMb 
piessed  against  the  screw,  to  prevent  its  shaking,  the  steel  pin  may  be  fini 
oy  tightening  the  screws  Y. 

N  IS  a  cylmdric  nut  movable  on  the  screw  H ;  which,  to  prefect  aiy 
shakes,  may  be  tightened  by  the  screws  O.  This  nut  is  connected  with  tM 
saddle-piece  P,  \n  means  of  the  intermediate  universal  joint  W,  throng 
which  toe  aibor  of  the  screw  H  passes.  A  front  view  of  this  ]^ieee«  wxtt  a 
section  across  the  screw-arbor,  is  represented  at  X.  This  joint  is  rnnnealrf 
with  the  nut  by  means  of  two  steel  slips  S,  which  turn  on  pins  between  the 


cheeks  T,  on  the  nut  N.  The  other  ends  of  these  slips,  S,  turn  in  like  bh»> 
ner  on  pins  a ;  one  axis  of  this  joint  turns  in  a  hole  m  the  cock  A,  whieh  is 
fixed  to  the  saddle-piece ;  and  the  other  turns  in  a  hole  d,  made  fiir  thai 
purpose  in  the  same  piece  on  which  the  cock  b  is  fixed.  By  this  mnena,  wfaae 
the  screw  is  turned  round,  the  aaddle-piece  will  slide  unifimnly  aki^i  Iht 
trian^lar  bar  A. 

K  IS  a  small  triangular  oar  of  well-tempered  steel,  which  slides  inasrooM 
of  die  same  form  on  the  saddle-piece  P.  The  point  of  this  bar  or  cnttar  ia 
fbrmed  to  the  shape  of  the  thread  intended  to  be  cut  on  the  cnJliea  atiiw. 
When  the  eutter  u  set  to  take  prooer  hold  of  the  intended  screw,  it  may 'ba 
fixed  b^  tightening  the  screws  e,  woich  press  the  two  pieces  of  bimsa  vpoD  it 

Havmg  measured  the  circumference  of  the  dividing-wheel,  I  fiw&d  il 
would  require  a  screw  about  one  thread  in  a  hundred  coarser  than  the  gnide- 
serew  arbor  H,  and  that  on  the  stub  £,  on  which  the  screw  was  to  be  col^ 
were  proportioned  to  each  other  to  produce  that  effect,  by  giving  the  wfaail 
L 198  teeth,  and  the  wheel  Q  200.  These  wheeb  communicated  with  eMh 
other  by  means  of  the  intermediate  wheel  R,  which  also  served  to  give  the 
threads  on  the  two  screws  the  same  direction. 

The  saddle-piece  P  is  confined  on  the  bar  A  by  means  of  the  pieoes  gt 
and  may  be  made  to  slide  with  a  proper  degree  of  tightness  by  the  screws  n 
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LATHES  AND  TURNING  APPARATUS. 

Tm  lathe  in  a  very  useful  engine  for  turning  woody  ivory, 
vrtab,  and  other  materials. 

The  common  lathe  is  composed  of  two  wooden  checks  or 
■ki,  parallel  to  the  huri/on,  having  a  groove  or  opening  be- 
tfeen ;  perpendicular  to  tUetse  are  two  other  pieces,  called 
ftppets,  made  to  slide  between  the  checks,  and  to  be  iixed 
dnm  at  any  point  at  pleasure.  These  have  two  points^  be- 
tween which  the  piece  to  be  turned  is  sustained ;  the  piece  is 
hrocd  round  backwards  and  forwards  by  means  of  a  string 
pMtnmnd  it  and  fastened  above  to  the  end  of  a  pliable  pole, 
ad  underneath  to  a  treadle  or  board  moved  with  the  foot. 
Hiere  is  also  a  rest  which  bears  up  the  tool,  and  keeps  it 
rtcidy. 

We  shall  now  proceed  to  give  Mr.  J.  Farey's  description  of 
liie  improved  lathes  manufactured  by  Mr,  Henry  MauMay^ 
ofMargaret-streety  Cavendish-square. 

A,  fi^.  325,  is  the  {ifreat  wheel,  with  four  grooves  on  the  rim ;  it  is  woriced 
ftvi  crank  1),  and  treadle  C,  in  the  common  way;  the  catgut  which  goes 
nod  this  wheel  passes  nlso  round  a  smaller  wheel  D,  called  the  mandrel, 
wbidi  has  four  grooves  on  its  circumference,  of  different  diametGrs^  forgiving 
it  diflerent  velocities,  corresponding  with  the  four  (grooves  on  the  great 
wheel  A.  In  order  to  make  the  same  band  stiit,  when  applied  to  all  the 
diSeicul  grooves  on  the  mandrel  D,  the  wlieel  A  can  be  elevated  or  depressed 
b«  a  icrrir,  a,  and  another  at  the  other  end  of  the  axle ;  and  the  connecting 
rod,  C,  can  be  lengthened  or  shortened  bv  screwing  the  Iiooks  at  each  end  of 
it  findiier  out  of,  or  into  it.  The  end  ^I,  fig.  326,  of  the  spindle  of  the 
■andfri  D,  is  pointed,  and  works  in  a  hole  in  the  end  of  a  screw,  put 
flHoiiafa  the  standard  £,  fig.  325  ;  the  other  end  of  the  bearing  F,  fig.  3SG, 
B  conical,  and  works  in  a  conical  socket  in  the  standard  F,  fig.  325,  so  that, 
by  tightening  up  the  screw  in  E,  the  conical  end,  F,  may  at  any  time  be 
ande  to  fit  its  socket ;  the  puppet  G  has  a  cylintlric  lioie  through  its  top  to 
reoave  the  polished  pointed  rod  if,  which  is  moved  by  the  screw  e,  and 
fixed  by  the  screw/;  the  whole  puppet  is  fixed  on  the  triangular  prismattr 
b«  H,  Iqr  a  clamp,  fig.  332,  the  two  ends  of  whtdi,  a,  A,  are  put  through 
Kdm,  A,  m  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  in  fixed 
by  llieiCRW  c  pressing  against  it ;  by  this  means  the  puppet  can  be  taken 
OD  Ae  bar  without  fint  taking  off  the  standard  T,  ns  in  the  common  lathes : 
and  dw  triangular  bar  is  found  to  be  far  preferable  to  the  double  rt'ctansubr 
one  in  common  use.  The  rcstj  is  a  similar  contTivance:  it  in  in  three 
pieces ;  tee  figs.  327,  32B^  and  329.  Fig.  328  is  apiece,  the  openiDg,  a,  A,  c, m 
whidi,  is  laid  upon  the  bar  H,  fig.  325 ;  the  four  legs,  rfc/rfrf,  of  fig.  329,  are 
tei  pat  up  under  the  bar  (into  the  recesses  in  fig.  328,  which  are  made  to 
tfceive  them)  so  that  the  notches  in  d  d  d  d  may  be  level  with  the  top  of  fig. 
3W;  the  two  beads,  ef,  in  fig.  327,  are  then  slid  into  the  notches  in  the  top 
of  tf  tf  tf  if,  fig.  328,  to  keep  the  whole  together;  the  groove  i  is  to  receive  a 
corresponding  piece  on  ef,  fig.327»  to  steady  it;  the  whole  of  fig  327  hai  a 
Mlalhc  cover,  to  keep  the  chips  out  of  the  «rowes.   It  is  plain  that, by  tigbl- 
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„^  .1.-,  „....  v-  1   1-  T»-  bottom  of  6g-  329,  the  whole  will  be  ilsti 
\u:>  I  fie  bar  11^  imd  ftg.  3^7  from  tlidtnf  b  «d] 

pf  r  ih«  piece  (,  fig.  327,  on  which  the  toot  it  1i 

rai  ua re,  and  fixed  by  SI  screw,  n«  OatSitlil 

»y>r  ii  326,  LH  screfred  occMioimLlj  «n  cacivcn 

If  hotdiEig  wjy  kuid  of  work  which  is  to  be  tamed.  (S<»e  fig.  530*) 
»msile  screw  to  receive  the  icmm  n,  fig,  325  ;  nefti  th«  bmtf>ifi  of  dii/ 

ii  another  screw,  B  B,  which  is  prevented  from  I 

ir  in  the  middle  of  it  fixed  to  the  screw  A  ;  otit 
II  h(zht^handed,  and  the  other  lefi^htrnded ;  9o  ' 
le  way,  the  two  outs,  E  V,  will  recede  from  eac:li 
ttootrmry  way,  ihey  will  advance  towards  e:^'^^* 
Stjsi  through  an  opening  in  the  plate  C,  and  y 
Jftws,  like  those  m  a  vice^by  which  the  stibjt 

For  turning  faces  of  wheels,  hollow  work»  kc.  whr 
wanted,  Mr,  Maudslay  has  contrived  a  curious  appar.^i 
slide-tool,  represented  by  ftg.  331,  where  £  £  £  is  tl 
the  bar  H,  fig.  325,  and  it  is  fixed  by  the  clamp,  fi;: 
Bcribed  ;  the  tool  for  cutting,  Sec.  in  fixed  into  the  two  bold' 
screws ;  these  holdera  are  fikstened  to  a  slidini;  plate  a,  fvhkii 
backwanb  and  forwards  by  the  screw  c^  causing  the  tool  t: 
cede;  fig.  333  represents  the  under  side  (turning  upwtnb) 
in  which  the  screw  c  is  seen  fixed  at  each  end,  and  the  nut  a,  -^+..« 
tached  to  the  underside  of  the  plate  a,  working'  upon  it.     Wh*D  It  b 
■ary,  as  in  the  lumins^  of  the  inside  of  cones,  kc.  tliat  th«  tool  ilm 
be  parallel  to  the  spindle  P,  ilie  screw  «,  and  another  funilar  one  I 
must  be  loosened,  the  tool  set  at  the  proper  angle,  and  ihet^  be  vcrewl 
again.    In  order  to  make  the  piece  A  A  move  truly  when  it  a 
round,  there  15  a  bole/,  fig.  333,  to  receive  a  knob  ff,  fig.  33^  tip 
plat«  Bf  which  acU  as  a  centre,  and  keeps  it  in  Its  place ;  dMfs  Mi 
Kolet  OD  «»ch  side  in  the  plate  B^  fig.  336,  to  iwt  th«  ictvw  t  n  at  di 
times,  thus  giying  to  (1m  tool  agraattr  nuage  taan  tht  ctxcailv  opwioi 
will  admit. 

The  part  E  £  £  E,  rtprcamted  9ep«m«1y,  and  iar«rt«d,  b  fig.  ^t* 
cast-jron,  and  has  « icrtw^  A,  working  in  it,  similar  to  flg.  833 ;  Ihr  mit 
tcivw  is  attached  to  the  bottom  of  the  slid#  H,  fif.  93$,  al  U  whick 
in  the  gtoove  t.  fig*.  Sat  and  334 ;  at  one  end  of  it  ia  a  hoc  cMll 
screw  m,  to  be  hereafter  described,  and  at  the  other  is  a  frame  ofbisi 
Near  the  same  end  of  the  slide  is  a  pin  L,  projecting  above  ihc  plait, 
is  put  through  an  opening,  j,  in  fig.  336,  to  steady  it»  while  the  oi|li«r4 
of  fig.  330,  is  put  through  on  opening  M^  in  tfa^  box  D,  fig.  334. 
parte  is  an  oblique  slit  I  i,  to  receive  a  stub  which  projects  £rou  tk 
loin  of  the  nut  n,  worked  by  the  screw  m,  fig.  335 ;  by  this  airvim 
obTious  that  if  the  screw  m  is  worked,  the  stub  of  the  out  %  ^rt^M  a 
the  Mlide  of  the  slit  11^  eis  an  inclined  plane,  will  mov*  it  4^lhft(  bmwi 
forwards  through  the  opening  M ;  a  m«<al  ooter  r,  fig.  tBB^  u  oae 

El  over  tlie  opening  ftir  the  not  n,  and  acrew  m,  to  pftftoi  llM  iM 
ling  in. 

Near  the  fiiur  oomexa  of  the  frame,  fig.  336,  ar#  four  sroatl  pfegoctMtt%  < 
with  incUnod  lidat,  which  fit  into  the  four  openings  p  d  ^  ^  of  figs.  33 
33 1  i  theae  openings  arc  cat  out  in  two  brass  plates,  which  ax«  scrvwuj 
tif^  aiulta  to  th«  plate  B  B,  figf.  331  and  337 :  the  ends,  y  ^  «  7,  *l 
pliliB  ilida  boiween  the  edges  of  the  fca&i«  K  K  and  the  U;t  D,  so 
rf«ve&t  aoy  other  motioti  ibati  a  vfriical  one.  MHum  this  sbdo  tool  a 
the  pupfMK  G  is  to  be  removed  or  pushed  back  further  Crom  F,  and  lb 


f 


tlMbu  a,  iis*  ^^>>»l  fixed  in  the  piaee  or  tbc  rest  i,b]r  Uie 

a9S»  the  ^itHiKie  Jrom  ike  ceatre  m,  a  a^90M  by  the  acrew  k, 

Ihe  abde,  fig.  335,  in  the  groovjes  t,  figs.  33t  kod  334,  with  ih# 

it;  bj  the  screw  m,  figs.  331  and  335,  as  before  de- 


.  3^  may  be  iiiOTed  in  a  directioo  perpendicular  to  ibc 
lis  praieciaoiu  «  «,  aeting  inioM  the  slits  ^  J^  figs.  331 
ptajM»,  will  nue  ot  lower  Uke  plate  B.  as  is  reQoind. 


'WB^fig.MS, 

Md  33r,  m  iodioed  pkoc*,  will  nue  ot  lower  ihe  plate  B,  as  b  reqaind. 
TIm  tooi^  which  w  been  before  fixtd  in  the  holders  h  h,  can  be  tet  at  the 
M|k  bj  loosening  the  screw  e,  as  preri«asly  described ;  and,  lastly^ 
with  the  holders  and  slider  a,  can  be  advanced  or  withdrawn  by 
f  the  screw  e.  The  nuts  of  the  screws  c  aud  A.  fig.  331,  are  not 
hjO.  to  the  sliding  plates,  but  arc  held  by  two  pins  f»fig,  335»  which  fil 
itiogioo'vts  %,  fig.  334,  in  each  suie  of  the  nut ;  by  these  means  the  fliding 
|lafii  eftQ  At  any  time  be  taken  out  by  only  tinscrewing  one  of  the  brass  slides 
Inhb  Ac  erooYes  i,  without  taking  out  the  screw  or  nut.  In  order  to  make  the 
always  fit  their  slides,  the  two  pieces  of  brass  y^,  fig.  331,  whidi 
dit  sides  of  the  gromv,  hare  eliipiie  h«les  for  thetr  sccews  v.  id  •• 
vWo  ibe  screws  art  slackened,  of  bdog  pushed  inwards  by  tht 
•nnr  m  whsdi  woika  in  a  lump  of  metal  cast  with  tne  part  A  A. 

Tbe  large  hihe%  whicli  Mi.  MaudAlay  uses  in  his  nmnii* 
bctory,  instead  of  beiii^  worked  by  the  foot,  as  rqprest^nted 
in  6c.  4l25|  are  worked  by  hand ;  ihe  wheel  and  fly-wheel 
irinrathe  men  turn  works  by  a  strap  on  another  wheel  ^ed 
to  Ibe  ceiliog  directly  over  it ;  on  the  axis  of  this  wheel  is  a 
ki^^  one,  which  turns  another  small  wheel  or  pulley  fixed 
In  ili^  cdling,  directly  over  the  mandrel  of  the  lathe ;  and 
tte  htt  hat  on  its  axis  a  larger  one  which  works  the  xnandrd. 
J)y  bf  A  bnnd  of  catgut.  These  Utter  wheels  are  fixed  in  a 
IrMBi  oC  CBsiriroD,  movable  pn  a  joint ;  and  this  frame  ban' 
atwsyi  n  ntiong  tendentry  to  rise  np,  in  cooaequence  of  the 
«f  a  heavy  weight,  the  rope  nom  which^  after  paMing 
a  palleyi  ia  fastened  to  the  frame ;  thia  weight  not  cmly 
to  keep  the  maudrcUhand  tight,  when  applied  to 
an^  oi  the  grooves  therein,  but  always  makes  the  strap  be- 
Ipcen  the  two  wheels  on  the  ceiling  fit.  As  it  is  necessary 
(hfll  Ihc  workman  should  be  able  to  stop  his  lathe,  williout 
tht  men  stopping  who  are  turning  the  great  wheel,  there  are 
two  polleys  or  rollers  (on  the  axis  of  the  wheel  over  the 
bithe)  for  the  atrap  coming  from  the  other  wheel  on  the  ceil- 
iiitg;  one  of  these  pulley s,  called  the  dead  pulley.  Is  fixed  to 
the  axia  and  turns  witli  it,  and  the  other,  which  slips  round  it, 
is  cntted  tbe  live  pulley  \  these  pulleys  are  put  close  to  each 
uthrr,  so  that  hy  slipping  the  strap  upon  the  live  pulley,  !t^ 
fli  not  turn  the  axis  ;  but  if  it  is  slipped  on  the  other, 
1^01  turn  with  it ;  this  is  effected  by  a  Ixurlcoutal  bari  with 
tw©  upright  pin*  in  it,  between  which  the  strap  patsea.  Thia 
har  b  moved  in  such  a  direction  as  will  throw  tn«  stnn  intn 
ihe  live  pulley,  by  means  of  a  strong  bell-epring;  and  in  % 
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coutrary  direction  it  is  moved  by  a  cord  fastened  to  it,  which 
passes  over  a  pulley,  and  hangs  down  within  reach  of  the 
workman's  hand ;  to  this  cord  is  fastened  a  weight  heavy 
enough  to  counteract  the  belUspring,  and  bring  the  strap 
upon  tlie  dead  pulley  to  turn  the  lathe ;  but  when  the  weight 
is  laid  upon  a  little  shelf,  prepared  for  ^e  purpose,  the  spring 
will  act  and  stop  it. 

Mr.  Maudslay  has  likewise  some  additional  apparatus  for 
cutting  the  teeth  of  wheels,  in  which  the  face  of  the  mandrel 
D,  fig.  325,  has  seventeen  concentric  circles  upon  it,  each 
divided  into  a  different  number  of  equal  parts,  by  small  holes. 

There  is  a  thin  stoj)  x,  fig.  325,  which  moves  round  on  a  screw  fixed 
in  the  standard  F ;  this  stop  is  made  of  thin  steel,  and  is  so  fixed,  that 
when  it  is  turned  up,  and  its  point  inserted  into  any  of  the  divisions 
of  the  mandrel,  it  will  Iiave  a  sufficient  spring  to  keep  it  there;  the 
wheel  to  be  cut  Ls  fuslencd,  by  means  of  a  chuck,  to  the  screw  m,  and  after 
it  has  been  turned,  and  brought  to  the  proper  shape,  the  rest,  j,  is  to  be 
taken  away,  and  the  slide-tool  substitutea ;  a  square  bar  is  then  put  into 
the  two  holders  b  6,  Br.  331 ;  this  bar  has  two  branches  for  holding  the  ends 
of  a  spindle,  near  one  end  of  which  is  a  ^nilley,  and  at  the  other  are  four 
diiscls  fixed  perpendicularly  into  the  spindle  for  cutting  out  the  teeth,  (in- 
stead of  the  circular  saw  commonly  used :)  the  pulley  is  turned  (with  the  inter- 
vention of  several  wheels  to  augment  tin*  vdocity)  by  the  same  ^reat  wheel 
as  tlie  lathe,  with  7300  revolutions  per  minute ;  the  mandrel  is  then  fixed  by 
the  stop  X,  i^^.  325,  and  the  cutler  advanced  towards  the  wheel,  by  the 
screw  c,  Hg.  331.  When  it  has  cut  that  tooth,  the  cutter  is  withdrawn,  and 
the  mundrcl  turned  to  anothor  division,  and  a  tooth  is  cut  again  as  before. 
At  that  pnrtofthc  frame  of  the  cutting-spindle  where  the  bar  which  is  fixed 
in  the  holders  of  the  slide-tool  connects  with  the  two  branches,  there  is  a 
joint,  by  which  the  cutting-spindle  can  be  set  in  an  inclining  position  for 
cutting  oblicpie  teeth,  like  those  which  are  to  work  with  an  endless-screw. 
The  great  velocity  with  which  this  spindle  turns  soon  generates  by  friction 
and  resist unce  a  degree  of  heal  sufficient  to  expand  it  very  sensibly ;  but  this 
ingenious  mechanist,  foreseeing  sncli  a  circumstance,  has  judiciously  com- 
pensated for  it  in  iii:;  construolion,  by  making  the  spindle  so  short  as  to 
nlay  loosely  in  its  sock»;ts  at  tlu!  commencement  (»f  the  motion ;  but  after  a 
tow  seconiis  tlic  exp^Litsiou  is  such  as  to  cause  the  whole  to  lit  tO|;clher  as  it 
ought  to  do,  un<l  the  work  of  culling  to  proceed  witli  accuracy  and  sadety. 

Mr.  Smurtf  of  the  Ordnance-wharf,  Westminster,  has 
made  some  very  useful  improvcmcntH  in  the  art  of  turning, 
raid  particularly  has  struck  out  a  simple  method  of  turning 
cyHnders  and  cones  in  wood. 

ills  turning  machine  is  illustmted  in  figs.  339  and  340,  where  the  legs  or 
stiles  L,  the  puppets  A  B,  the  cheeks  o  o,  the  pikes  and  screws  M,  N,  R» 
with  ihe  handle  D,  are  but  slightly  varied  trom  the  usual  construction. 
Kuund  the  mandrel  E  passes  a  band  F  F,  which  also  encompasses  a  large 
wheel,  not  shown  in  the  figure ;  and  when  this  large  wheel  is  turned  nmnd 
with  moderBEte  swiftness,  it  communicates  a  rapid  velocity  to  the  mandrel  R, 
and  the  long  piece  of  wood  G,  which  is  prop<Mied  to  bo  made  cylindrical. 
Tills  piece  is  previously  hewn  into  an  ocLigonal  form.  The  cutting  frame  II 
contains  a  sharp  iron  tool,  which  is  to  answer  the  purpose  of  the  common 
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limin<;  g^^uge,  and  which  is  fitted  into  the  frame  so  as  to  project  a  little  be- 
jood  ita»  inuerpart,  after  the  mann*r  of  a  carpenter's  plane-iron  for  round  or 
o|K  work.  Tnen,  while  the  piece  G  is  turning  swiftly  round  by  a  man 
voriung  at  the  grecl  wheel,  another  man  pushes  the  frame  H  gently  on 
fan  L  towards  M,  the  lower  part  of  that  frame  fitting  between  the  cheeks 
•  t,  and  sliding  along  between  them.  By  this  process,  the  piece  G  is  re- 
iiioed  to  a  cylinder,  moderately  smooth ;  and,  in  order  to  render  the  smooth- 
Miiai  complete  as  need  be,  a  second  cutter,  and  its  frame  I,  adapted  to  a 
■Iher  iraaller  cylinder  than  the  former,  is  pished  along  in  like  manner 
fcsB  L  to  M.  This  operation  may  be  performed  with  snch  tp^,  tint  a 
iBj  Boeursie  cylinder  of  six  feet  long,  and  four  inches  diameter,  may  be 
find  to  the  lathe  and  turned  in  much  less  than  a  minute. 

Mr.  Smart  turns  a  conical  end  to  one  of  these  cylinders  with 
treat  fecility,  by  means  of  a  cutting-blade  fixed  in  an  iron  hc4- 
W  conical  frame  K,  the  smaller  end  of  which  admits  tlie 
Bike  from  the  screw  S^  frg.  340,  to  which  one  end  of  the  cy- 
mder  G  is  attached ;  as  the  cylinder  turns  rapidly  round^the 
cotter  K  is  conducted  gently  along  it  by  means  of  the  hollow 
fiune,  and  soon  gives  the  conic^  shape  to  the  end  of  the 
cylinder,  as  required. 

Some  important  directions  for  turning  screws,  ovals,  cubes, 
lose-woik^  swath-work,  &c.  may  be  seen  in  Moxon's  Mechanic 
Krercises:  see  also,  '^  Tour  pour  faire  sans  Arbre  toutes 
jSortes  dc  Vis,"  par  M.  Grandjeav,  in  "  Recueil  des  Machines 
it  Inventions  approuv^es  par  f^cad.  Hot/,  des  Stiences/' 
torn.  V. ;  and  Mr.  (iealy's  method  of  cutting  screws  in  the 
common  turning-lathe. 

Previously  to  entering  upon  the  several  branches  of  our 
manufactures,  where  machinery  will  be  found  in  its  most 
complex  state,  it  may,  perhaps,  be  considered  not  alto- 
gether irrelevant,  if  wc  take  a  cursory  view  of  the  manner  in 
which  we  have  conducted  the  reader  thus  far.  In  the  first 
place,  we  have  taken  up  the  subject  by  treating  of  tlie  Me- 
chanical Powers,  and  the  attributes  of  matter,  as  if  he  were 
totally  unacquainted  ^iith  the  science ;  and  having  given  liiiu 
every  necessary  information  with  respect  to  the  fundamental 
principles,  have  then  proceeded  to  demonstrate  the  Moving 
Powers ;  thus  progressively  leading  him  on  to  a  perfect  com- 
prehension of  the  invariable  laws  of  mechanics,  before  wc  have 
veotui«d  to  introduce  to  his  notice  certain  simple  machines 
aetiog,  cither  separately  or  conjointly,  as  accessor*  to  our 
mano&ctures.  Tliese  we  have  now  also  portrayed,  and  so 
amply,  that  we  feel  satisfied  he  will,  though  totally  destitute 
of  the  science  at  the  commencement,  be  able  fuUv  to  compre- 
hend and  appreciate  the  several  excellencies  of  the  various 
combinationfl  which  will  now  be  unfolded  to  him. 
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IRON  MANUFACTURE. 

WoRKft  for  the  mana&eture  of  iron,  owing  to  the 
num»  necessary  to  be  expended  in  their  erection.  Have,  till 
within  these  few  yeani,  been  confined  to  ri  vtTy  lintit^ 
but  the  «pirit  of  enterprise  which  has  of  late*  and 
especially  dnce  the  French  revolution,  pj.  if'  -  ^  '■ 
nearly  the  whole  of  our  manufactur<^ii,  con  Lm- 

mefise  capitals  acquired  by  many  in <  f !   '  i     '  yj 

of  employing  them  to  a  better  aih        .. 
manufacture  of  this  highly  valuable  metal  a  more  decm^ 
character. 

The  ores   from  which  the  metal  is  extracted  arr,  in  thi 
ctmtTtry,  found,  in  general,   to  consist  of  irou  auiled 
oxygen  and  various  proportions  of  eafthy  matter. 

The  earthy  matter  in  a  state  of  combination  with  tiivmi 
be  divided  into  two  classes ;  the  one  cnWfd  argUiaetmiMi 
abotmding  in  exceus  of  aluniine,  or  clay ;  the  other  ealcartutt^ 
from  abounding  in  lime.  The  former  is  by  far  the  moal 
common  ;  Indeed  it  is  owing  to  the  ore  being  m>  frrrpienlly 
met  with  in  an  argillaceous  state,  that  iroo-mafitrr^  jiiv  i^\ 
tery  inattentive  to  its  quality,  and  that  we  »< 
ihcm  use  Umestone  as  a  flux  when  the  ore  alre^tiy  a*#.jxiifua 
frith  calcareous  ingredients* 

Both  lime  and  clay,  when  separately  subjected  to  Ihe  aenal 
hfi$l  of  the  blast-fvirnare,  are  iniiisihrc  ;  but  on  hdng  mixed 
tCTgether  in  certain  proportions,  are  too  fusible  even  for  the 
common  purposes  of  brick-making.  An  alloy  of  two  tnetek 
h  also  fusible  at  a  temperature  much  less  tham  the  atith* 
metical  mean  of  the  metals  themselves. 

Such  being  the  case,  it  is  nuich  to  be  regretted,  llial 
masters,  in  general,  arc  so  very  ignorant  of,  nnd  tm 
to,  the  fusibility  of  tlie  different  combinations  of  the  irwiil 
wliich  causes  them  so  frequently  to  be  at  a  loss     1       toi 
fo  the  fiirnace  in   order  to  pnjduce  the  moiit  f. 
An  analysis  of  the  ore,  by  which  they  mi'  ' 
pit>portions  of  ite  earthy  c<mstituents.  , 

Umestone  or  clay  to  be  added  as  a  flax,  would^  iit  the 
prove  much  to  their  advantage. 

In  tlie  usual  process  of  smelting,  the  coke  h  u 
quantity,  and  the  oropartlons  of  ore  and  1 
varied  according  to  uje  quantity  of  iron  to  be  r 
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working  order  of  the  furnace.  In  proporlion  to  the  quantity 
of  time  and  ore  that  is  added  to  the  fitandard  quantity  of  the 
coke,  the  furnace  is  said  to  carry  a  greater  or  less  burthen. 
Some  furnaces  cany  so  little  burthen  as  not  to  produce  more 
than  13  or  14  tons  per  week;  whilst  others,  with  the  same 
«xzed  furnace,  will  yield  60  and  even  70  tons  in  an  equal  time. 
The  burthen  of  the  laat-mentioned  furnares  is  very  great,  the 
ore  to  the  coke  being,  in  some  cases,  as  13  to  7.  The  quality 
of  the  iron  is  uniformly  inferior. 

The  burthen  of  the  furnace  wiU  vary  according  as  the  iron 
to  be  made  is  required  to  possesa  more  or  leaa  carbon  ;  for 
in«tance»  in  making  No.  1,  or  the  best  iron,  which  contains 
tb«  greatest  portion  of  carbon,  the  burthen  must  be  consider- 
ably Jess  Uian  that  required  to  make  less  carburetted  iron,  or 
trhat  ie  called  white- iron,  or  forge-pig. 

To  afford  a  general  idea  of  the  proportions  of  the  materials^ 
we  tthftll  state  tlie  quantities,  given  bv  Mr.  Mushett,  as  usttd 
at  m  blaat->furnace,  makif)g  good  melting  iron,  which  is  of  an 
intermediate  quality  betT^-een  No.  1  and  the  forge-pig.  The 
ore  is  argillaceous,  containing  on  the  average  about  27  per 
cpDt.  of  iron  ;  the  coal  rather  soft,  but  not  very  bitumiiious, 
BAoooiains  a  large  proportion  of  carbonaceous  matter ;  and 
CiJfaneilone,  which  is  that  abounding  in  shells,  from  Critch, 
In  Derbyshire,  is  very  good.  It  works  with  a  bright  tuyere, 
and  receives  ^m  the  blast  about  2,500  cubic  feet  in  a 
minute^  through  a  circular  aperture  of  2}  inches  in  diameter. 
It  is  usual  at  this,  and  most  other  furnaces,  to  divide  tbe 
men  into  two  classes,  one  class  to  relieve  Uie  other  every 
12  hours;  these  periods  are  called  shifts.  The  average 
dMkfges  o^  coke  per  shift  are  50  (each  2^  cwt.)  of  about 
six  taiii.  The  quantity  of  calcined  ore  for  the  manufacture 
of  good  melting  iron  h  upon  a  par  with  the  coke ;  and  for 
forge* pig,  or  the  least  carburetted  variety,  six  of  coke  to 
levrn  of  ore.  The  limestone  unbumt,  under  the  same 
I'ircumstances,  is  to  coke  as  4  to  11;  and  for  melting 
metal,  retains  a  similar  ratio.  With  the  above  charge  per 
day,  that  is,  for  twelve  hours,  this  furnace  makes  on  the 
^fcrmge  about  40  tons  melting  iron  per  week. 

After  the  ore  is  dug,  it  is  c&awn  from  the  pit  by  the  power 
of  steam-engines  ;  it  is  then,  in  order  to  extract  the  arsenic 
md  sulphur,  subjected  to  a  process  called  roasting,  Tljis 
proceas  consists  in  laying  the  ironstone  in  strata  with  refuse 
pit-cua],  called  in  StaffbrdKhire  5fac^,  and  setting  fire  to  it  on 
|he  wiQ4lward  side,  burning  it  in  large  heaps  in  the  open  air. 
Vifbttk  l^nre  has  been  roasted,  it  \h  taken  to  the  smelting 
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or  bliist  furiL'ice,  Jbhe  lower  part  of  which  is  filled  with  either 
charcoal  or  coke ;  the  coke  is  always  a  fixed  quantity^  aiid 
the  proportion  of  limestone  added  to  the  ore  is  according  to 
the  quantity  of  heterogeneous  matter  with  which  the  metal  is 
combined. 

A  section  of  the  blMt-furoace  is  repnesented  in  fig  346.  A,  it  tin  top 
of  the  furnace,  is  an  opening  for  the  introduction  of  the  maleriala;^  B,  the 
body  of  the  furnace ;  C,  the  place  where  the  blast  is  introduced;  ud  D, 
a  cavity  to  receive  the  metal  wlien  released  from  the  earthy  matter. 

The  materials  in  the  furnace  are^  previouslv  to  the  intro- 
duction of  the  blast,  heated  simply  by  the  draught  of  the 
atmosphere ;  the  coke  and  limestone  to  a  bri^t  red  or  white 
heat,  and  the  iron-ore  to  a  melting  heat. 

When  the  blast  is  introduced,  the  metal  immediately  above 
it  is  brought  into  a  state  of  fusion,  and  peuetrates  tiirough 
the  fuel  into  the  cavity  D,  The  ore  and  fuel  that  were  above 
it  sink  down  to  fill  up  the  space  left  by  the  we  melted  and 
the  fuel  consumed.  This  next  comes  under  the  operation  of 
the  blast,  and  is  similarly  reduced. 

The  men  who  attend  the  furnace  keep  adding  fuel,  ore,  and 
limestone,  Uirough  the  opening  A,  at  the  top,  and  Uie 
operation  of  sineltuig  goes  on,  until  the  melted  iron,  in  the 
cavity  D,  rises  nearly  to  a  level  with  the  tuyere-inuiSj  or 
blast-pipes. 

The  luclted  iron  is  tlxen  tapped,  by  driving  a  round-pointed 
bar  into  a  sort  of  loam,  with  which  the  hole  is  stopped,  and 
run  into  moulds  made  in  sund ;  in  this  state  it  is  nlled  pig 
or  cast-iron. 

When  the  sLig,  in  smelting,  has  a  grecuish-grey  appear- 
ance, it  is  a  certain  sign  ttiat  the  furnace  is  in  excellent 
order ;  and  when  the  colour  changes  to  black,  it  denotes  that 
Bonicthing  is  going  wmng. 

In  making  the  best  iron,  called  No.  1,  which  possesses  the 
greatest  quantity  of  carlx)n,  it  freciuently  happens  that  a 
portion  of  tlie  irciii  will  unite  with  a  great  excess  of  carbon ; 
and  as  this  czurburet  is  less  fiisible  than  the  iron^  it  will,  pre- 
viously to  the  iron  entering  into  the  pig-moulds,  be  aeen 
floating  at  the  top  in  tiic  form  of  scales.  The  appearance  of 
this  substance,  ctdled  by  the  workmen  kisU,  is  a  sign  that  the 
furnace  is  working  the  best  sort  of  iron ;  indeed,  it  ii  n 
common  an  attendant  on  the  production  of  the  most  highly 
carbonized  iron,  that  the  workmen  have  applied  the  term 
liis/n/  to  that  peculiar  sort  of  iron. 

The  Uniestone  and  the  earths  being  much  lighter  than  the 
metal,  float  upon  its  suriacc,  and  gradually  rising  as  the  metal 
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accwduJatcs,    li  nltituauiy  dudisirBfrd  omer  a  tfntH-tfimr^ 

wEkliy  tijongh  at  fight  angles,  we  have  r  d  br  die 

lioec  enclosioc:  tlie  letter  1.     T  is  fje  ^$ni«p> 

and  forms  a  bridge  over  the  cavi'^  w.  .ui:  i,  the  liquid 
rites;  t  is  the  lymp-plate^  to  ^ivc  tiie  ^tonc  gfrriter 
[  tj  wliich  is  eaUed  the  dam-ptate,  doed  the  dani- 

itope.    Ilie  ciDder,  If  aot  taken  to  mend  the  roads,  is  tlmmm 

■mmy  as  tucleas. 

SoaMtimes  two  blaMi  are  introdur^,  as  muy  be  seen  in  fig.  347.  That 
Mwl,  »al  Uut  luniace,  which  can  reductt  i!»e  gretleit  qiiMimy  of  feet  In  ft 
ftotiin  ttne^  wfll  ahnjs  prodoce  the  grratest  qaaotity  of  iion. 

The  blatft  conveyed  into  the  fiiraace  is  from  1  ,(300  to  4^000 
fcd  per  minute  ;  and  it  is  worthy  of  remark,  that  the  quantily 
cl  taetal  fused  does  not  agree  with  the  ratio  of  the  blast ;  for 
iailacice,  a  blai>t  of  IpUO  feet  per  minute  will  manufacture 
Ml  tons  of  melting  iron  per  week  ;  a  blast  of  3,000  only  30 
tona,  atid  a  blast  of  6,000,  which  is  double  the  last,  and  four 
liinca  the  amount  of  the  first  blast,  only  36^  tons  per  week  ; 
and  apdn,  a  blast  of  2^  lbs,  per  square  inch  will  manufacttire 
front  fe  to  25  tons  per  week  ;  while  two  pipes  of  the  Banie 
Aanieter  as  the  last,  with  a  blast  of  3  lbs.  per  square  inch, 
will  never  exceed  30  tons* 

hx  lliC  suniaier  moatlis,  owing  to  the  rncreased  temperature 
af  the  atmosphere,  the  furnaces  yield  little  better  than  one 
hidf  the  quantity  that  they  do  in  winter,  and  tlie  iron  id  of 
an  iti^cTiur  quality.  In  some  manufactories,  by  adding  a 
greater  qoantity  of  fuel,  the  quality  of  the  iron  is  preserved  j 
bat  ta  I4liers  no  addition  of  fuel  will  compensate  for  the 
deficif  ney  ci  •  y  or  quanlity. 

In  present  n  of  a  blast- fumace>  represented  in 

Ig.  94t*f  we  du  nut  pretend  to  recommend  it  z^  the  best  form 
fif  mmstrurtion.  Different  iron-masters  have  variously  con- 
Uriiclrd  tlieir  furnaces,  and  as  each  of  them  cwn  bonst  of 
being  m  «oine  degree  fiuccessful,  it  were  necdle*^li  to  gi***?  ^ 
Anoriplion  of  any  particular  one ;  we  shall  therefore  briefly 
mctr'  '\tt  of  whatever  materials  the  buildings  be  madc> 
carr  I  e  taken  th?vt  they  contain  no  more  moistuit!  than 

W  ab;ki.  TV  for  their  proper  cot^s 

hi  tfi  the  Willi,  ti  space  of  k  irtoheii 

i-r.  ]".'!'-'■         ■    'Ml  to  the  ^ 

Ji:s    o:    ^;    '  '  W.,    not   eX'"  'J* 

introdaccd,  so  that  when  the  expan^ior.,   pm- 
11  the  ft  re -building  of  the   interior,  church  the 
hrick*  Inmicdintely  in  contact  to  push  outwrirth,  the  mnMsett 
of  ftaitdHrtjOiie  are  instantly  reduced  in  siKe^  and  filling  tha 


ilimif 

inu'l 

m 

cer^i.,,^ 


Till  opshativm  mbcramc 

jticci  occasioned  by  tlicir  fomier  angular  »bape« 
;h  less  space,  and  present  to  the  flam«  or  fire,  si 
'ti  inclined  to  i>e»etnitc  m)  far,  a  Eolid  vertical  ^itniX 
wmdf  lifter  having  secured  the  expansion  of  the  famacc 
the  extent  of  gome  inches.     The  effects  of  the  preccim  arv 
tlms  diverted  from  the  shell  of  the  building,  and  loit  in  ihe 
pulveri/ation  of  the  sand- stone. 

The  advantages  resulting  from  this  plan  may  be  noriv 
doubled,  by  using  a  double  lining  of  fire-bricks,  between  earn 
of  which  and  the  common  building  a  similar  vacancy  sUuuid  be 
left,  but  filled  vinth  shiirp  sand,  containing  no  more  moh^me 
tiian  aetres  to  compact  it  in  a  timi  body  ;  an  tltb  motitnrc 
becomes  gradually  expelletl  in  the  slow  heating  or  anacm&iif 
of  the  furnace,  the  sand  occupies  less  bulk,  or,  ■ "  "  *  if*  the 
aame  in  effect,  is  then  susceptible  of  a  greater  tii  _  oom* 

pression  when  the  gradual  expansion  of  the  fttrfAce  Gomea 
on.  It  is  evident  that  the  force  is  here  aJiBO  diverted  igaimt 
the  sand,  in  place  of  acting  Immediately  with  a  tendeoqr  to 
enlarge  the  circumference  of  the  building. 

Over  and  above  tlie^sc  precautions,  the  annealing  or  drying 
of  the  f\irnace  in  a  progressive  and  regular  tnanti^r  ouglyl 
be  carefully  nttendcd  to^  and  continued  for  two  or 
months  at  least. 

Many  methods  have  been  adopted  to  obtam  a 
ttoifbrm  blast,    Tlie  Arst  that  we  shall  notice,  and^ 
iti  firttly  general  use,  is,   by  discharging  the  air 
blowing'cyiintler  into  an  intermediate  cylinder  of  " 
meter,  tmlled  tiie  regulator  ;  in  this  vessel  t=  r»  ir»/— r 
wiiich  is  forced  up  by  the  air  from  the  blow  , 

being  weighted,  it  descends  during  the  retuTumg  ^tniKc, 
continues  to  press  the  air  into  the  furojice,  by  whidi  tynniii 
uly  and  unlfonn   blast  is  kept  up  than  waidd  be 
ih«  first  cylinder  alone. 

As  thik.  method  of  regulating  the  blast  has  been  fimnd  to 
be  far  from  perfect,  other  mciuiK  have  been  resorted  to  wiih 
a  view  of  ol  the  desired  end.     The  one  adied  the 

watcr»riigiilaLi.:     >..ti:st»  of  si  large  cistern,  in  which 
of  less  area  and  capacity  its  inverted.     Tlirough  the 
of  the  tmaller  cylinder,  which  is,  from  its  being  io^ 
uppermost,  a  pipe  commuaicated  witli  Uie  blowing-cyl 
Thift  inner  cittern  is  filled  with  ^vater  i\\e  wmt9 

between  the  inner  and  outer  ci^ten)  to  t  L     NoWm 

■    'he  air  u^  ''■ '   '-■  ■■  )] 

,■  ■    I"    ubove-nii-!''  ■''■  •■■!  [.■-/'.■  i  -•"  i  ■■-  --i  "■ 

Wider,  being  displaced  by  the  air,  will  descend  lu  the  tint 
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dftiem,  and  rise  up  between  the  two  vessels  till  the  column 
of  water  on  the  outside  be  equal  to  the  required  force 
of  the  b}M8t  \  tliiA  column  would  be  about  4  lbs,  upon  a  square 
incliy  and  about  nhie  feet.  Another  pipe  proceeds  from  the 
imxnc  cavity  in  the  inner  vessel  to  the  furnace,  and  com- 
initiitcatei^  nearly  u  uniform  blai»t,  varying  only  with  the  outer 
1  of  water,  which  will  be  leiss  as  the  outer  surface  of  the 
.  I  ^  greater. 

This  contrivance^  though  for  some  time  considered  an 
important  discovery,  has,  in  many  in&tances^  been  abandoned^ 
oMing  to  its  carrying  water,  both  in  a  gtate  of  spray,  produced 
by  the  agitation,  and  in  a  state  of  vapour,  into  the  furnace, 
by  which  both  the  quality  and  quantity  of  the  iron  was 
materially  affected. 

Another  mode  has  been  attempted  to  equalize  the  bUal, 
|0ed  the  air-vault.  The  first  experiment  of  this  nature  was 
9ini  at  the  Clyde  iron-works,  by  excavating  a  large  cavity 
In  a  rock,  into  which  the  air  was  forced  by  the  blow^ng 
machine  ;  but  the  trial  was  imattended  by  success,  partly  from 
the  rault  not  being  air-tigbt,  and  partly  from  the  moisture 
which  exuded  from  the  rock  mixing  with  the  air. 

A  more  succesisful  experiment  was  made  at  tlie  Carron 
iroti- works.  An  air- vault  of  wrought- iron  plate  has  been 
caolojred  in  one  of  the  furnaces  at  Bradley,  in  Staffordahire, 
wIikIi  appears  to  answer  very  well.  Its  form  is  a  cylinder 
ibottt  10  or  12  feet  diameter,  and  50  or  60  feet  long. 

Akinrtiiia  to  an  avcrafii  deduced  from  a  series  of  esperimenis  mide  br 
III  DnidJiitfbett,*  it  appetn,  that  wbeu  the  outer  air  w»s  (rom  68**  to  •flr, 
tW  air  temedtatelx  aAer  iu  escape  from  the  btowiog  cylinder  into  a 
vvnel,  was  increased  from  63"  to  90**,  and  from  68*'  to  9H**-     In 
of  thirty  experiinents  the  air  in  the  act  of  condensinj^  was  raiaed 

t  would  have  the  effect  of  increasing  its  volume  not  leia  than  ^ 

wboltr  and  the  increased  pressure  of  the  bla«t  by  this  cause  alone* 

I  ataiiy  half  a  pound  upon  an  inch.     Or,  in  other  words^  if  tlia 

talmduced  into  the  furnace  at  60**,  the  same  quantity  would  be 

Wtlh  half  a   pound  lessi   preKiture  upon  an  inch  ttmu  if  it  were 

!OC€  any  means  of  coolini;  the  air  after  its  condensation^  in  all 

<il  lite  year,  nuwl  be  attended  with  beneficial  consequences.     If  the 

ira  nadt  of  wrought-iron,  and  iU  turiaee  constantly  kepi  wer, 

ion  from  ao  great  a  surfkcet  if  freely  expoaed  on  all  aides  to  the 

coo)  the  %ir  very  considerably.     Indeed,  without  the  aid  of  the 

the  eifect  would  be  such  as  to  recommend  its  adoption.     It  was 

that  in  tlie  summer  season  there  would  be  some  advantage  in 

ihn  air  under  ground  for  a  considerable  distance  before  it  entered 

ling  machine;  but  the  resistance  ariaing  from  the  friction  on  the 


*  EMnbwgh  EmqftkfttHm,  Dr.  Srcwstcr,  4U). 
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rnsl- 


4{lct 


Tilt?  pi^-iruu  which  htis  the  feiii  carlMin 

beat  iidapled  lor  coiivensicm  ii  l      • 

>f  that  the  pipf-iron  has  only  to  lose  its 
k;il>lc,  we  shall  »tate  the  fact,  that  wchuv^  , 
at  tliij*  present  time,  miiiiy  nuiuufuctories  upon  i 
for  the  express  purpose  of  convertiriij  articles  r , 
invfi,  such  as  nails,  catien',  &c.  into  irou  pirfr  rlv 
^  in  the  Blijjhtcet  f' 

1  iii^.     We  have  c\. 

way  welded  togetlier,  and  when  ajld  Wat  at  right  w 
a  vice. 

The  method  of  releabiiig  the  pig-iron  of  its  cau4» 
converting  it  into  what  is  called  wrong fU  or  m^^J^^ 
b»  by  placing  it  in  au  open  furnace,  termed  a 
by  some  a  nm-QUi /urnttte^  heated  hy  colcea^  jyau  anui 
to  the  operation  of  a  very  poNvcrful  bU»t.     The  pif-if 
laid  upon  the  cokey,  lyid  is  »o(m  uieltetV  '       i 
inpanty   bclnnd.    This   is   tenuecl  rn 
l*^hen  melted  is  run  into  plates,  about 
a3  soon  ajs  it  become*  set,  is  thix>\vn  irii 
H  more  frangible,  and  eaaler  to  be  broken. 

This 
U  c 

iritli 


Info  tumfis  "of 


i.ki  Lj  ikv  i<ai 


When  Uie  cuke  of  metal  ta  brokf 
vfti»mit  size,  it  h  taken  to  the  puo 
heated  with  coaU,  without  the  aid  .n 
soon   as  the  metal  becomes  heated^   and  licginji 
or  has    a  frosty  appearance,  the   furnaccman  T 
BmaU  quantity  uf  water  to  keep  it  at  a  ]>roper  i 
'     '  '  '     "    .<:  and  moving  it     • 

I  .     Tlie  water  th. 

I  h^' Willi  - 1  luo  assists  in 


iri 


a  CLm- 


ecart 


tiuii. 
Uiat 


of  iron  dep 
1]^  tlua  pii\iceai»» 


:^  11 


pun  the  ail 


deprived  d  the  cariboo,  or  IbBiblo 


P«rty  it  be£o?e  potsessed,  the  furnaeeman  txAU  it 


uf 


one 


half  or  Uiree  iftiftrUNni  of  a  orU  eacb.    It  ii 
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bfonght  out  of  the  furnace  and  placed  under  a  tilt-hammer, 
or  puaed  through  the  rolls,  or  rollers,  which  consolidates  it, 
aid  forces  out  more  of  the  impure  parts.  A  considerable 
loM  in  weight  is  sustained  in  this  process,  not  only  from  the 
tmn  lonu  its  impurities,  but  also  from  the  surfoce  of  the 
bloom  or  oar  oxydmng  and  fidling  off  m  scales  whilst  being 
Hoiked.  "Die  loss  which  is  thus  sustained  in  weight  is 
gocsBDy  estimated  at  one-sixth  or  one-seventh  of  the  whole. 

A  acctkm  and  eleration  of  the  puddling  furnace  is  represented  in  fig.  350. 
A  is  the  door  for  the  admission  ormetal,  naTing  a  smaU  square  hole  A,  for 
Ihi'iBtfoduetion  of  the  rake  and  other  tools  used  by  the  Aimaoeman.  B  is 
J ;  C  the  aab-pit ;  and  D  the  grate.  At  £  is  a  circular  cavity, 
le  picpared  meul  is  laid,  and  the  flame  passes  over  it  up  the 
B.  xhe  heat  of  the  furnace  is  so  intense  that  without  having  the 
Ibr  a  goaid,  and  die  ainall  hole  k  for  the  introduction  of  the  imple- 
Mali,  the  firniaceman  could  not  approach  it ;  nor  indeed  can  he  as  it  is 
vilhflat-aaieiwg  great  inconvenienoe.  The  hole  is  also  of  use  for  him  to 
Mt  inft>  the  ininace  to  observe  how  the  work  is  going  on.  At  first  the 
ii||^  is  lao  intense  to  be  borne,  but  by  practice  the  eye  at  length  becomes 
aocmtomed  to  it,  and  is  able  perfectly  to  distinguish  tlie  di&rent  masses  as 
fief  li^r  in  the  furnace. 

The  iron  having  undergone  this  process  is  taken  to  the 
ifaeari  and  cut  into  lengths  of  about  one  or  two  feet,  and  in 
ovder  to  impart  doseness  and  solidity  is  pUed  into  pieces  of 
seven  or  cicht  together,  and  heated  in  another  furnace,  very 
limihr  to  uxe  one  just  described.  There  is  no  occasion  tiiis 
tine  to  remove  tihem  about,  for  the  iron  having  lost  its 
cviioa  ia  infiuible.  When  it  is  of  a  sufficient  heat,  which 
the  fiuiMiocman  from  practice  can  easily  tell  by  his  eye,  it  is 
^gain  brought  to  either  the  hammer  or  the  rollers,  and  is 
wmked  Into  a  bar.  This  is  called  No.  2  iron.  Again,  further 
to  in^iove  the  qualitv,  it  is  cut  up,  piled,  and  worked  over 
•giAi;  and  is  Uien  called  No.  3,  or  best  iron.  The  more  the 
iRNi  is  worked  the  purer  it  becomes,  and  the  grain  becomes 
more  doaely  nnited ;  but  of  course  it  becomes  more  expensive. 

T«e  kaads  of  hammer,  moved  by  machinery,  are  used  in  iron-works. 
The  ow  called  the  forge-hammer  is  represented  in  fig.  353.  The  first 
wmtim  sifcs  motion  to  the  shaft  A  A,  by  means  of  a  cog-wheel  acting  upon 
iheMhuuu  B.  The  shaft  is  retculated  by  a  fly-wheel  C,  and  has  at  the 
htmm  mA  a  number  of  oogfi,  wliidi  by  passing  under  the  shaft,  or  helve,  D, 
Hft  riie  hammer  E.  F  is  a  strong  horizontal  beam,  inserted  in  the  post  O, 
aai  leaded  with  heavy  pieces  of  metal,  at  H,  to  prevent  it  receiving  motion 
1km  the  hammer.  Another  large  beam  of  wood,  made  of  either  oak,  or 
aA,  tat  aioet  frequently  the  latter,  is  inserted  in  the  posts  I K.  The 
hanmier  in  its  ascent  strikes  as^ainst  this  beam,  called  the  rabbit,  which 
bf  im  ebitjcity  reacts  noon  the  hammer,  and  causes  it  to  descend  with 

BBier  velocity  than  wonld  be  produced  by  gravity  alone. 

The  construction  of  a  tilt-hammer  diflers  from  that  of  the 
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forgt%  \j\  l>ciiig  {joitiej  on  a  centre  of  motion,  abuiit  thr*  mldi 
or  txro-ihinls  of  tlie  length  of  the  helve  from  the  head,  rujd 
from  receiving  iU  motion  from  cogii  acting  itpoci  the  tail  1/ 
Uie  helve.  In  some  few  oa»es  the  ash  spring  b  placfd  ovtr 
the  head  of  the  hammer  simiUirly  to  that  above  deactibd} 
but,  in  general,  the  tail  of  the  helve  L&  made  to  strike 
n  itxed  Qoor,  and  the  hammer  from  the  force  It  has  n 
continuing  to  rise  after  the  tail  strikes  the  floor,  tlie^ 
bendii,  and  'bv  its  elasticity  causes  the  hammer  to 
with  greater  force  upon  the  anvil. 

The  tilt-hammer  is  repr€»enitd  in  fig.  354.     It  is  t«ken  from  a  tiU*« 
laade  at  tlie  Carron  iron-vrorkji  in  Scotland,  alteT  design*  of  tht 
Mr.  Smeiiton.     It  is  adapted  for  forcing  iron  into  bam.     Xlut  d 
15  4^xif acted  from  Dr,  ReesV  Cyclop^rHia, 

Having  described  the  manner  in  which  the  tilt-haauner  is  cMiMrlsd 
with  the  Arst-mover,,  (dniwingf  of  ivliich  may  be  Reen  in  tJir  irafk,)  (^ 
author  proceeds  to  explain  the  fi^re  above  referred  to  ;  #  tkt  inm  htiiid  of 
The  hammer,  /  its  centre  of  motion,  and  d  the  tiul  ur  eAren*  end, 
which  the  cogs  of  the  wheel  act,  and  which  is  plated  with  iroo  cm  th*  mpj 
tide,  to  prevent  it  from  wearing, 

P  if  the  anvjl-bloclc,  which  mnsl  be  placed  on  a  very  firm  fo 
resist  the  incessant  shocks  to  which  it  is  subjected:  the  f^wi' 
of  the   hammer,  is   supported  in  a  cast-iron  frame  ^A 
When  the  cogs  of  the  wheel  strike  tJie  tail  of  the  hainni  71 

and  raise  the  head,  the  lower  side  of  the  tail  of  the  hainmttr  tmam 
support  a,  which  acts  to  stop  the  ascent  of  the  head  of  thai  >**"*««*»  t^t 
it  arrives  at  the  desired  height;  but  as  the  hammer  is  tlir-^r—.  "-  tntfe  t 
considemble  velocity  as  well  as  force,  the  effon  of  the  bi^^ 
motion,  after  the  tail  strilces  the  stop  n,  i"  u  in  bvml  t!r  .   L  d  try 

hammer,  and  the  elasticitj  of  the  helve  r>  wn  opontW 

anvil  with  a  redoubled  force  and  velocity  u  .  l  :  ,,  n  vrauld  wa^pat 
ftwn  the  action  of  gravity  alone* 

To  obtain  this  action  of  recoil,  the  hirti  f^k  imot  be  held  down  ■>  fiittJy 
fti  possible ;  and  for  this  purpose,  four  strong  iron  bolts  are  csniid  dMk 
&om  the  four  angles  of  the  bottom  plate  A,  and  made  &st  to  thr  nttd  \mt 
of  it«ne  R  R,  tipoo  which  the  whole  rasts :  upon  thi«  liiiit  w  plaotd  km 
lay«n  of  amber,  ikim,  which  are  laid  one  upon  another,  and  ckc  tinhvif 
of  Mch  layer  are  laid  crass-ways  over  the  others.  Each  Ujrer  cQikStsti  si 
several  pieces  laid  side  by  side,  aud  they  are  ttlit^htly  treenailed  toftlhtf.  It 
form  a  platform.  Each  platform  is  rather  less  tlmrt  ihut  uhui  which  tirasu, 
•o  as  to  form  a  pillar  of  solid  limber;  on  the  1  .- 

g  A,  is  placed,  and  tirml  y  held  down  by  the  fmtr  i  ,,  ^  ixirw^i 

all  the  plAtfoi  ni  ngs  ia  the  Miiid  iRMiKiniy  btflMl^ 

The  stop  n  i  liar,  but  smaller,  and  oompoiidV 

three  layers;  Uw  upmr  j-itcc  /t.  which  »  seen  cross-ways^  is  about  tliM 
fitet  long,  and  the  under  aide  is  hollowed »  so  that  the  piece  bean  oalj  vVB 
tiw  two  end^,  Waving  a  vacancy  benealli  it,  which  occasions  it  to  bioa  sr 
sprrnGT  every  time  the  tail  d  of  die  hammer  strikes  upon  it,  and  Utit  till  ^ 
recoiling  acttoQ  very  much 

The  axis  on  which  tli  1  awvit  ia  ftCBcd  bf  arinf  oCeiiMfl^ 

tbioQgh  which  tht  htlve  ^  imtturii  not,  nd  htld  te  by 

NMWit    Tl>t  ring  hti  a  proj«ctAg  ton 


00  a£h  lidt. 


ikm 


to  hm  die 

ifc-  3M,  Sa*  ti||tt  eoys,  and  thcidwt  produces  etglil  blovs  of  thv 
fiw  ocb  icfpoliitioii  oT  t^  fty-wbed;  the  «beel  lor  tb*  middle 
kM  12  oo^;  and  ihe  wtiec>l  for  the  smdilef  kunmer  16;  Um 
iHtv  vfll  tliepeiare  make  tvo  strokes  for  evenr  one  of  tjie  great  buaiMnu 
b  iihif  iW  liirae  irikeeb  «kmi  tfae  gicat  ifaaA,  cai^  is  ufcen  tliat  tbe^ 
AdI  proiAacc  tba  Uom  of  l&e  difta^at  laiameis  in  regokr  •uoeesion. 


io|ff<odMC  that  vtlDOiy  In  «Mfc  ksHMer  1 
k  tt  i»  ta  Mfiana;  Mi  tfca  wheel  for  tke 
a  ie.  3M,  faaaai«ltt  eoys,  a^  tberafaic  pre 


m 


aa  potttUa  the  foica  which  the  %raiar-whed 
the  vhceb  are  ixad  «  tha  ihaft  fay  means  af  a  wedgag  of  haid 
drbcn  B  all  veond ;  die  wood  beiii^Gipabla  of  yiddhig  m 
hf  the  oogs  maeiiaf  die  nili  of  the 


foUowing  are  the  principal  dimensions : 


Tha  head  of  the  great  hammer  weighs  S|  ewt.  and  it  is  inteodcd  to  m^a 
150  hk>wifr  per  minute ;  it  is  lifled  \T  inches  frt»n  the  anvil  at  eresy  bk>w. 

The  mtodle  hammer  is  1  cwt.  and  makes  22$  hlows  ptf  miniue ;  H  ia 
TiAfil  t  f  ladies  each  time. 
The  tniaD  Kammer  weighs  1^  cwL  and  makea  300  blows  per  minitla;  it 
'  ishlled  otiK  12  inches. 

To  p^mltfte  these  Telocities,  the  great  axis  upon  which  the  coi^-whaalf 
Mn  fise«l  M«at  make  18i  turns  per  minute;  and  the  pioicm  upon  this  aiM 
hehi^  to  prnportiun  with  the  cog'^wheei  upon  Ihe  ahan  of  the  water>wheel 
at  I  »  to  S,  thf"  ii»ater-i»h«t'l  must  make  6|  rcvolutioos  per  minute;  tha 
'wilaf^ wheel  beine  16  feet  diameter,  its  cirmmfereoce  wiU  be  ID  x  :}  .  Hlti 
^^  to  M  *  54,  or  56f  feet;  this  multiplied  by  6-25  is  about  353  !  < 

taff  mamittj  or  divided  by  €0  »  5  9  feet  motion  per  second  for  i 
maee  ef  the  water-wheel. 

*  Tbc  tilt-mills  employed  in  tlie  manufaicttire  of  sUhI,  do 
noit  bare  the  great  hammer,  but  the  lai^cat  they  use  i^  abuut 
iLe  fizc  of  the  middle  one,  and  is  adapted  for  welding  h^ffgoHn 
of  steel  to  make  ^heer  Bteel :  the  other  two  hanimera  ire 
»botit  the  size  of  the  smallest  just  described,  and  are  made 
to  work  much  quicker,  viz.  from  350  to  400  blows  per 
minute.  Thb  in  very  easily  accomplished  by  makinc^  tlie 
puiion  upon  the  fly-wheel  shaft  in  proportion  to  the  cog- 
wheel that  acts  upon  it,  and  is  fixed  to  the  water-wheel,  aa 
1  ia  to  4. 

I    Tlita  highly  iraluable  metal,  having  undergone  these  pro- 

dasea,  is  now  sold,  and  is  used  by  smiths  for  an  innumeiikble 

lilMty  of  purposes.     Indeed,  when  we  reflect  u{)on  the  many 

I^Hboimnda  of  men,  women,  and  children,  who  are  daily  em- 

Kj^ftd  ID  the  manufacture  and  working  of  this  metal ;  when 

■ 
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we  consider  tbc  immense  number  of  families  of  miners, 
meiters,  refiners,  smiths,  and  other  handicraftsmen,  who,  in 
all  the  civilized  parts  of  the  world,  look  up  to  this  particular 
branch  of  manufacture  for  their  maintenance  and  support; 
when  we  consider,  that  the  once  obscure  and  inconsiderable 
village  of  Merthyr  Tydvil,  though  wild,  barren,  and  sterile, 
and  too  poor  to  produce  even  the  common  necessaries  of  life, 
hati  been  peopled  in  the  teeth  of  every  obstacle,  and,  within 
the  space  of  seventy  years,  has,  through  the  manufacture  of 
this  metal,  become  by  far  the  largest  and  most  populous 
town  in  Wales ;  we  cannot  but  rejoice  that  this  metal  is  one 
of  the  staple  manufactures  of  Great  Britain. 

When  this  metal  has  become  too  much  worn  to  answer 
longer  the  purpose  for  which  the  smith  designed  it,  it  is  sold 
to  the  'dealers  in  marine  t^tures,'  Avho  assort  it  into  three 
parcels;  one  called  coavh-tyre^  consisting  of  the  old  tyre  of 
roach  and  other  wheels  ;  another  biishel  iron,  being  remnants 
of  old  hoops,  and  dilfercnt  pieces  of  iron  of  simikr  nature  ; 
and  another  scrap  or  nut-iron,  consisting  of  old  nails,  screws, 
nuts,  and  pieces  of  that  description. 

These  are  sold  to  the  manufiicturcr  to  be  remanufacturcd. 
The  process  of  remanufatturing  is  as  follows  : 

Two  pieces  of  iron,  each  forming  three  sides  of  a  square, 
are  fixed  to  a  wooden  bench,  about  10  or  12  inches  apart. 
In  the  space  between  these  two  pieces  are  placed  two  rods  of 
iron,  about  three-eighths  of  an  inch  square,  one  rod  being 
placed  close  to  each  of  the  pieces.  On  these  rods  are  laid 
pieces  of  old  hoop,  previously  straightened,  and  cut  to  the 
proper  lengths  of  i2  or  14  inches,  according  to  the  intended 
length  of  the  faggot.  The  ends  of  the  hoop  rest  upon  the 
bottom  of  each  of  the  pieces  of  iron  first  described,  and  similar 
pieces  of  hoop  arc  ranged  upon  each  side,  while  the  interior 
iH  filled  with  bushel  or  scrap  iron.  The  top  is  then  covered 
with  hoop,  and  the  whole  pressed  tightly  down,  and  bound, 
by  bringing  the  ends  of  the  three-eighths  rod  together,  and 
screwing  them  round.  This  is  termed  vl  faggot ,  being  about 
12  or  14  inches  long,  and  six  inches  square. 

The  faggot  is  then  carried  to  a  furnace  not  much  unlike 
the  puddling  furnace,  and  when  suflicicntly  heated  is  brought 
out,  and  passed  through  the  rollers,  and  made  into  what  are 
called  blooms.  These  blooms  are  generally  about  two  feet 
long,  by  three  or  four  inches  wide,  and  two  thick. 

Vhe  blooms  are  again  exposed  to  the  heat  in  the  furnace, 
and  when  at  a  proper  temperature  are  taken  out  and  passed 
through  the  rollers,  either  those  represented  in  !&g,  351 ,  ec 
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those  in  fig.  352,  accordingly  as  they  are  to  be  made  into 
boops,  or  bars.  The  hoop-rollers  are  represented  in  fig.  351 ; 
the  bar^rollerB  in  fig.  332. 


TMa  of  the  arerage  veighi  of  ban,  iquares,  and  Mis, 
10  feet  in  UngtL 


BARS. 

IndMS. 

C.  qr.  lb. 

Incbci. 

C.  qr.  lb. 

Inckti. 

C.  ,r.  lb. 

6x4 

1   1   15 

3ix4 

—  3  12 

2J  X4 

—  1  23 

i 

1  0  13 

—  2  24 

4 

—  1  10 

+ 

—  3  19 

—  28 

•w 

—  1     1 

six^ 

1  1     1 

—  1  20 

2i  X4 

—  22 

* 

1  0    6 

8jx| 

—  35 

i 

—  1  18 

+ 

--  3  10 

—  2  18 

W 

—  1  14 

5X4 

1  0  13 

—  24 

4 

—  19 

\ 

—  3  23 

—  1   16 

—  1     0 

+ 

—  39 

3J  X  J 

—  2  27 

2X4 

—  1  24 

4f  X4 

1  0  10 

—  2  W 

i 

—  1   15 

4 

—  3  19 

—  1  27 

tV 

—  1   U 

+ 

—  3  85 

—  1  14 

4 

—  1     6 

i 

—  25 

3x4 

—  2  22 

—  0  26 

4iXi 

1  0     4 

—  28 

UX4 

—  1  20 

i 

—  3  13 

—  1  23 

i 

—  1   12 

+ 

—  2  21 

—  1   10 

^ 

—  1     9 

4 

—  2  11 

2}  X  4 

—  2  14 

J 

—  1     5 

Hx4 

—  3  25 

—  22 

i 

—  0  24 

4 

—  3     7 

—  1  20 

1}  X  i 

—  1  17 

4 

—  2  17 

—  1     7 

4 

—  1   10 

—  20 

2i  X4 

—  28 

tV 

—  1     5 

4X4 

—  3  19 

—  125 

4 

—  1     2 

4 

—  31 

—  1   15 

3 

—  0  23 

i- 

—  2  12 

—  1     4 

H  X  ; 

—  1  11 

V 

—  1  24 

2J  X  I 

—  2     5 

1 

—  I     3 

A 

—  1     0 

x2 
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SQUARES. 

BOLTS.          I 

Inebtt. 

C.  qr.  lb. 

Inchn. 

C.  qr.  lb. 

3 

2  3    0 

3 

2  0  18 

«* 

2  2    3 

2* 

1  3  22 

«+ 

2  1     8 

2i 

1  3    0 

24 

2  0  11 

24 

1  2  ir 

21^   . 

1  3  18 

2f 

1   1  23 

2; 

1  2  24  ' 

2i 

1   1   U 

2+ 

125' 

2V 

1  0  94 

24 

1   1   14 

2* 

I  0     9 

2 

1  0  25 

2 

—  3  24 

H 

1  0     8 

n 

—  3     9 

U 

—  3  21 

n 

—  2  26 

14 

—  3     2 

li 

—  2  16 

U 

—  2  21 

i> 

—  2     3 

U 

—  2  11 

u 

—  1  24 

u 

—  1  25 

u 

—  1  14 

u 

—  1  ir> 

u 

—  I     5 

1 

—  1     6 

1 

—  027 

i 

—  0  26 

Ir 

—  0  20 

t 

—  0  19 

+ 

—  0  ir> 

i 

—  0  13 

4 

—  0  10 

+ 

—  08 

+ 

—  0  17 

STEEL  MANUFACTURE. 

WiiKN  iron  has  lost  all  its  carbon,  and  has  become  nudle* 
able,  it  can  be  reimpregnated  with  carbon,  to  a  certain  extent, 
without  materially  injuring  its  malleable  properties. 

The  compound  of  iron  and  carbon  thus  produced  is  eaBed 
steel. 

To  reimpregnate  the  iron  with  carbon^  it  must  be'  put  into 
a  dose  vessel  called  a  cementing  pot^  and  stratified  with 
powdered  charcoal. 

The  pots  are  made  with  a  peculiar  kind  of  stone,  termed 
fire-eione^  which  is  found  abundantly  in  the  neiffhboorhood 
of  Shefi&eld.  It  possesses  the  properties  of  not  being  liid>le 
to  crack  by  the  heat,  or  of  entering  into  fusion.  These  pete 
in  the  interior  dimensions  are  from  10  to  15  feet  long,  eod 
from  24  to  30  inches  square.  Elach  bar  of  iron  is  com- 
pletely covered  with  powdered  charcoal,  and  the  last  stratmB 
of  it  is  usually  made  much  thicker  than  the  rest,  and  kepi 
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with  a  mixtnre  of  sand  and  clay,  to  prevent  the  charcoal 
Inoin  entering  into  combastion  with  the  outer  air.  Two  of 
these  pots  ouly  are  contained  in  a  furnace  at  a  time,  and  fire  is 
mdually  employed  till  the  heat  is  little  short  of  what  would 
%e  required  to  fiwe  the  steel. 

A  Tertical  Bection,  and  horizontal  plan,  of  the  conTerting  furnace  is 
^komi  in  figs.  355  and  356.  In  both  figures  the  same  letters  denote  the 
■Mpvts. 

CC  is  the  external  cone,  built  in  a  substantial  manner  of  stone  or  brick- 
^rok.  Its  height  from  the  ground  to  its  Tertex,  in  order  to  procure  a  good 
dinght  of  air,  should  not  be  less  than  40  or  50  ioet;  and  to  procure  a  still 
Mraoger  heat  a  cylindric  chimney  of  several  feet  in  length  is  most  generally 
■find  on  the  top  of  the  cone.  The  lower  part  of  the  cone,  which  may  be 
'■ide  of  any  dimensions,  is  built  either  square  or  octangular.  The  sides 
vecanied  up  until  they  meet  the  cone,  giving  the  fiimace  the  appMranct 
4(  a  cone  cut  to  a  square  or  octanguhur  prism  at  its  base,  and  exhibiting 
4he  parabola  where  every  side  intersects  the  cone. 

Inside  the  conical  building  is  a  smaller  fiimace,  called  the  oauU,  built  of 

Mmck  or  stone,  which  will  withstand  the  action  of  the  most  intense 

ktt.    D  D,  in  the  section,  is  Ae  dome  of  the  vauk,  and  £  £  are  its 

^frig^  sides,  the  space  between  which,  and  the  wall  of  Ae  external  build- 

ufi  is  filled  witli  sand  and  rubbish.    A  B  represent  the  two  pots  that 

batata  the  iron  to  be  converted  into  steel.    Ine  space  between  them  is 

iboot  one  loot  in  width,  and  the  fire-grate  is  directly  beneath  it.    Hm 

pois  are  supported  by  a  number  of  detached  courses  of  fire-bride,  as 

■bown  at  e  e,  m  fig.  355,  which  leave  spaces  between  them,  called  flues,  to 

cooduct  the  flame  under  the  pots;  in  the  same  manner,  die  sides  of  the  pots 

are  sDppoited  from  the  vertical  walls  of  the  vault,  and  from  each  other,  by 

a  few  detadied  stones,  represented  by/,  placed  so  that  they  mar  intercept 

ai  little  as  possible  of  the  beat  from  the  contents  of  the  pots.    The  adjacent 

•idea  of  the  pot  are  supported  from  one  another  by  small  piers  of  stone^ 

work,  whidi  are  also  pertorated  to  give  pouage  to  the  flame.    The  bottoms 

of  ^  pots  are  built  of  a  double  course  of  brick-work,  about  six  inches  thick ; 

the  sides  nearest  together  are  built  of  a  single  course  of  stone,  about  five 

inchai  in  thickness ;  and  the  oUier  parts  of  the  pot  are  single  courses  about 

three  inches,  the  sides  not  requiring  so  much  strength,  b^use  they  have 

lea  heat  and  pressure  to  resbt 

Ihe  vault  has  ten  flues,  or  short  chimneys,  FF,  rising  from  it,  two  on 
CMh  side,  to  carry  off*  the  smoke  into  the  great  cone,  shown  in  fig.  356, 
communicating  with  each  side,  and  two  at  each  end.  In  the  front  of  tl^ 
ftnace  an  aperture  is  made  through  the  external  building,  and  another 
eamsponding  in  the  wall  of  the  vault ;  these  openings  form  the  door,  at 
which  a  man  enters  the  vault  to  put  in  or  take  out  the  iron ;  but  when  the 
fiimaee  is  lighted,  these  doors  are  closed  by  fire-bricks  luted  wilh  fire-clay. 
Each  pot  has  also  small  openings  in  its  end,  through  which  the  ends  of  two 
or  thice  of  the  bars  are  left  projecting  in  such  a  manner,  that  by  only 
removing  one  loose  brick  from  the  external  building,  the  bars  can  be  drawn 
oat  witlwut  disturbing  the  process,  to  examine  the  progress  of  the  conver- 
sion from  time  to  time ;  these  are  called  the  tap-holes ;  they  should  be 
plsoad  in  the  centre  of  the  pots,  that  a  fiur  and  equable  judgment  may  be 
fbrmed  from  their  result  of  tlie  rest  of  its  contents. 

«  ^  in  the  elevation,  is  the  fire-gmte,  formed  of  bars  laid  over  the  ash- 
pit t,  which  must  have  a  free  communication  with  the  open  air,  that  it 
nay  convey  a  current  of  fresh  air  to  supply  the  combustion.    The  ash-pit 
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ItlW  uCJirly  ou  n  Icvfel  ^jth  U>e  tloot  of  i 
»nil  the  fireman  alwHVi  ke**p5  si  h^ap  of  ti 

at  ii     '  ,     I,,     ;,,  xhij,  f;^,, 

effp'  quirt*  a  <i 

pot  I  I  '        '         • 

to  the  combiDiion. 

The  firc-9toucs  cmnposing  all  those  parti  > 
which  arc  expoi^ed  to  tlie  xK:tioa  of  the  heat, 
uearty  U-i  akze,  and  finished  by  griiidinpr  two  eurf 
so  thiit  Uiey  make  \ery  perfect  arid  close  join' 
log'ethcr,  they  are  cemented  with  well-tempt 
mixed  up  tiiiti  with  water.  The  fire -day  w ; 
best  for  this  purpose,  is  that  brought  from  Si 
StaJEordbhii^y  and  is  the  same  of  which  the      '  ^1 

bridge  crucibles  a»*e  compoiised;  hut  very  ;  ii 

lf»c  purpose  is  procured  from  Birkin-lane,  ue;ii 
When  the  furince  has  been  once  burnt,  this  *    . 
e^u^lly  hard  with  the  htone,  and  is  less  liable  to  %  or 

fttt  intens*^  heat  than  any  other  known  cemeiit. 

The  flame  arising  from  the  ignited  fuel  upon  U»e 
^c*  upwards  between  the  pots,  and  strikes  the 
vaults  from  wheiace  it  is  reverberated  down  ui 
potK.  and  ultimately  e^capea  through  the  flueii  or  cl 
of  the  vault.     By  this  means  every  part  of  the  pnt  la  i»i 
to  the  s  loe  of  heat,  which  is  of  gi'cat  im 

In  or.:  lertain  when  the  cemcQtation  i- 

vr  two  ol'  Uie  bars,  having  their  endy,  nti  before  ilfjicnbnf. 
progecting  fruni  the  pots,  are  taken  out  of  the  funiacti 
nmminefi. 

Tlic  blisters  upon  the  surface  of  the  Hteel^  eaitsr^^  f***  f^* 
^thomc   oxyd,*   is,  in  general,  adopted  ui»   a  crii 
[judgp'  if  the  metal  be  isuificiently  converted  ;  but  t' 
IrrqucnUy  to  be  fallaciouts,  and  well  it  may,  t 
"      " '*  '     ind  more  upon  the  degree  of  heal  to  wl 

'  <*xposed,  tfian  to  any  othrr  cnu'^e. 

ircd   for  the  < 

Jt  ^  \>  and  nights }        : 

*  Cuct><>iMc  u«x>-<i  b  tha  itnitm  of  the  two  jpum  which  nritc  (rwn 

.iiiuj.-  ..r^  .tV..,,v    .r>ii  rvyd  ofvron,  of  which  '' ■  ••••-  ••  -  t     -- 
hral  ui  the  fumact  d- 
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:^a. 


I 


of  lisys  ADcl  iktghte  i»  tiUowed  ibr  Ibe  gradu^  cooling  of  liie 

flllMMJC* 

The  ctfd  when  taken  from  the  convertbig  furnace  is  found 

ois  Its  ftufface  to  be   covered  with  blisters;  and  on  beuig 

brokien  is  found  to  be  full  of  cavities  within,  for  this  reason 

il  is  called  bli&tered  sieel. 

To  mske  it  sound  &nd  tenacious,  it  is  put  into  a  fum&ee^ 

-  Uely  heated,  and  in  then  exposed  to  the  action  of 

iiner,  which  we  have  already  desciibed.     Thi^  i& 

The  »teel  U  made  uf  difiereut  degrees  of  hardness,  by 
gtfing   it   more  or   less  carbon,  according  to  the   diflFerent 
•es  aiid  dunitiou  of  the  hcrit  applied. 

used  ill  the  manufacture  of  coach-springs  contain 
,..^.  I  [Kirtion  of  carbon  ;  a  somewhat  greater  quantity 
ill  Uje  different  branches  of  cutlery,  and  in  the  niake 
of  sin^cultural  implements ;  and  the  greatest  dose  of  nil  is 
RKfuired  for  files,  which  cannot  be  too  hard,  provided  the 
Kterl  be  sufficiently  malleable  to  be  worked. 

Cast'Sieely  which  is  entirely  free  from  the  defects  of 
Ifistered  steel,  and  is,  in  some  degree,  preferable  to  nbecr- 
stMl,  is  made,  by  placing  small  portions  of  the  bars  of 
blistered  fteel  into  a  cmcible,  capable  of  containing  about 
ODponnds  weight. 

Thewt  crucibles  are  made  of  Stourbridge  clay,  mixed  with, 
ft  toml]  portion  of  powdered  charcoal,  wliich  makes  them 
iBQcb  less  hable  to  ci^ck  in  tlte  heating  or  cooling.     They 
are  funu  !     !      ith  covers,  which  are  more  fusible  than  the 
body  Til  spI,  and,  on  that  account,  soon  enter  into  a 

state  iii  !on;  by  which  raeanh  they  become 

d^OBAy  i        I  i<    the  steel  is  at  a  temperature  snUi- 

dcntly  high  to  be  destmycd  by  the  ox)  gen  of  the  atmosphere* 

The  fuel  employed  for  uiciling  steel  bhould  consist  of  the 
hndest  cakes,  which  will  give  a  great  heat  for  a  longer  con- 
ttnnancc  than  the  soft  cokes, 

Wlicn  the  metal  is  fused  it  is  taken  from  the  furnace,  and 
into  iron-moulds,  whicli  form  it   into  ingots   of  an 
.al  t^hape,  about  'iO  inchcB  long. 

TUoe  ingots,  Uke  tljc  bars  of  blistered  ajid  sljcer  steel, 
are  ngvin  healed,  and  drawn  into  bar^i  by  the  operation  of 
llir  lilt-mill.  )^y  nieiins  of  this  machinery  the  ingots  of  cast- 
»^eel  can  be  drawn  into  burs  unc-tJiird  of  an  iijcli  »i)uare ; 
i<n4  by  the  hands  it  can  be  drawn  into  n>ds  of  a  untch  smaller 
i1jm». 

The  manufacturt  of  steel  bus  been  greatly  impru>  cd  wiUiiu 


rnit    OfKftATlVB    MBCNAKIC 

»  short  period,  and  it  can  now  be  fused  with  io  ftmaU  ji  |>or« 
lion  of  carbon,  as  will  admit  of  its  being  welded  either  witikij 
iron  or  another  piece  of  steel. 

l*he  nioflt  singular  property  belonging  to  steel  it  tital  of  il 
hjirdenlnff  by  being  heated  red-hot,  and  Kudilrnly  codt^i 
find  the  hotter  the  steel  be  made,  and  the  colder  the  fluid 
into  which  it  is  plunged,  the  harder  will  be  the  feteel.  Wit« 
is  generally  employed  for  this  purpose;  and  sprlncr  ir^ttrh 
considered  to  be  the  best.     File-uiukora  ststtc,  -  M 

which  is  inevitable  in  their  hardening  water,  mivi^v,,  u.c  iUd  J 
harder,  and  they  Bometimes  put  sulphuric  acid  into  it  fat  tbefl 
name  purpose.  ■ 

Jn  hardenmg  steel  in  thin  plates,  such  as  saws,  parlictilady 
when  of  caat-steel,  quenching  in  water  would  cauic  tbeuj  to 
crack,  and  make  them  so  hard  as  not  t-o  be  umeftiL  Tticj 
have,  in  consequence,  recourse  to  &ome  eubsttuice  n 
uot  so  good  a  conductor  of  heat.  Oil,  with  tallow  and 
wax,  and  resin  d'tt*8olved  in  it,  is  generally  eniployed  for 
•rticles.  If  the  steel  be  heated  red-hot,  it  mostly 
its  original  state.  This,  however,  la  sometimes  not  Che 
with  tliin  plates  of  cast-steel.  In  giving  various 
beat  from  the  hard  state,  it  becomes  more  soft  and  less 

In  the  year  17S^>  Mr.  David  Hartley  took  out  a  pi 
&  method  of  tempering  steel  by  the  aid  of  a  pyrt 
thermometer,  applied  near  to  the  surface  of  the  arttdi 
at   the    same  time  recommended  the  use  of  heated 
which  (he  says)   many  dozens  of  nizors  or  other  tooU 
be  tempered  at  once  with  the  utmost  facility,  and  »l*i'  v-hi 
degrees  of  heat  necessary  for  different  purposes  uu 
he  determined  by  experiment.     (See  Nicholson  «  AJmimai 
vol.  i.  quarto,)     An  improvement  of  this  principle  ban 
since  suggested  by  Mr.  Parkes,  by  providing  a  I*.   ^     T 
fof  some  kind  of  fusible  metal  for  the  temper; 
species  of  edged  tool,  which  contrivance  would,  in 
ilfive  to  this  operation  a  greater  degree  of  certain' 
ever  been  experienced  by  those  who  have  concdicUd 
pianufactorica. 


WIRE  MANLFACIURE. 

Wf  RK  16  made  of  variouM  diicttle  nietjds;  but  as  the  nuinit- 
tfiufture  of  the  whole  is  v*  ilur,  we  .nhall  oonf 

f«elvrit  nrincipally  to  a  dcfeL  f  tlie  manufactuit 

wirr^  ithich  is*  by  far  the  oiu^l  cxlcn&irc  article  of  cotiimi 
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procpiis  of  wire-drawing  coiisiiits  in  drawing  a  luece 
f>f  metal  through  a  hole  in  a  steel  plate,  which  foriua  it  into 
H  regular  und  even  thread,  of  great  lengthy  according  to  the 
quantity  of  metal  supplied* 

The  first  part  of  the  process  in  the  nmnufactiire  of  iron 
wire  la,  to  subject  the  iron  to  the  action  of  a  tilt-hammcj  till 
It  be  reduced  to  a  size  that  will  admit  of  its  being  drawn 
through  the  plate.  The  tilt-hammer  used  is  similar  to  tliat 
wbicb  we  have  described  in  the  article  *'  Iron  Works."  It 
weighs  about  100  pounds,  and  makes  130  strokes  per  minute. 
A  smaller  tilt-hauimer,  weighing  about  50  pounds,  and 
making  20  strokes  per  minute,  k  also  used  for  the  wire- 

To  prepare  the  iron  for  the  draw-plate,  the  workman  heats 
Mix  or  eight  inches  of  the  end  of  a  large  bar,  and  works  it 
under  the  small  tiit-hanuner  until  it  is  drawn  out  into  a 
and  regular  round  rod,  of  about  six  feet  in  length; 
it  ha»  time  to  cool  another  workman  straightens  it, 
cuts  off  with  a  hammer  upon  an  anvil  the  rod  tluis 
formed,  and  puts  Uie  remainder  of  the  bar  into  tJie  forge  to 
be  '  '     ued. 

I  acturing  common  wire,  the  bars  may  be  advan- 

ly  run  through  a  pair  of  rollers,  instead  of  exposing 

w  the  action  of  the  tilt-mill ;  but  as  the  iron  in  rolling 

docB  not  acquire  so  much  tenacity  as  in  the  hammering,  this 

process  irhould  not  be  attempted  in  tbe  manufacture  of  the 

Mst  wire. 

Tbe  rod  being  thus  prepared  bv  one  of  these  methods,  is 
next  dra^^ii  through  a  hole  in  the  draw-plate,  either  by  a 
fetrong  machine  with  a  chain,  or  else  by  a  lever-machine, 
The  uiat'hines  used  in  the  process  of  wire-drawinp   arCp 


n  draw-bench,  which  consi5!s  of  1:1  '-triih'^  jui-mk  t>l  \<irv)oil 
.  like  a  stool  or  bench.  It  is  rppn.^vnt*:■*l  rn  fij^,  UST,  A  is 
.ri  a  horizontal  poaiLioD,  so  that  it  c^a  he  ca^Uy  turned  rouud 
li  't  the  four  levew  B  B,  fixed  like  radii  on  Uie  end  of  iHe  axis, 
>trap  or  chain,  capable  of  beint;  wound  about  the  sui«  or 
nected  by  means  of  a  Uuk  wirb  the  pinceni  D.  E  is  a  draw- 
1  with  holes  of  diflerenl  sues  lodgen  against  two  slronij  iroa 
arc  fixed  in  the  bench,  and  left  standing  iip  ptrrpetidicnilarly, 
it^  can  reiit  ji^aiust  lijem.  The  wire  is  oassed  through  the 
»lmw.pl.i(t  h.  and  is  fteiied  by  the  pincers  D,  whidi,  by  turning  the  aniiii 
<iy  kveiit  B  B,  wind*  about  the  tolW,  and  draws  the  wire  through  the 
fdaie. 

T\]^.  ^S^  represents  another  kiod  of  draw-bench,  where  a  rack  and  pinion 
ir«  lucJ,  in»tead  of  a  roller  and  strap  or  chain,  as  abovt-incnitoned.  If 
iMf  toacbifio  be  liimtd  by  a  winch  the  motioo  ii  pore  uoi£onii|  vluch  is 
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of  importance  for  some  purposes.  For  uutaoce,  if  a  piece  of  netal  bi  ^^s 
drawn  nipidly  through  the  draw-plate,  it  will  in  passine  throu^  be  gml^  -^ 
compressed,  and  on  emergin;^  will  expand  a  little ;  out  if  it  be  dia«ft  " 
through  the  plate  slowly,  it  will  lose  its  expansive  property.  Now  in  fhl 
common  draw-bench,  or  one  we  first  described,  the  motion  communieited  kf 
means  of  the  anns  D  B  is  very  irrecular,  and  the  wire  is  conseqaenUy  Ma»>  ')*-' 
times  drawn  through  the  plate  with  a  fi&st,  and  sometimes  with  a  slow  a^  jrz. 
tion,  which  causes  it  to  be  of  different  degrees  of  quality  ;  but  in  niiDC  thi  ;~- 
rack  and  pinion,  by  means  of  a  winch,  the  motion  is  r^gnlar,  ana  tk  ' 
quality  uniform.  '- 

In  France  the  roller  or  windlass  is  not  employed,  but  the  pincers  ue  it-      -: 
taclied  to  a  lever,  which  alternately  draws  them  backwards  and  fbnnrts  by 
thepower  of  the  water-wheel. 

Tlie  pincers  are  so  constructed,  that  they  open  and  release  themsdrci      - 
from  the  wire  when  they  move  towards  the  draw-plate ;  but  when  dmra 
from  the  draw-plate  close  and  bite  the  wire  with  a  force  that  will  dam  it 
through  the  plate. 

A  machine  of  this  kind  is  represented  in  fig.  350.  A  B  is  a  wooden  lefcr, 
which  moves  round  an  iron  bolt  or  pin  jp,  as  a  centre  of  motion ;  C  is  an 
iron  link,  connected  with  the  upright  part  of  the  le\'er  A  B^  and  having  its 
lower  end  formed  like  a  rins;  to  seize  the  ends  of  the  pinoeis.  Tbe  pmoers 
are  supported  ii|)on  an  inclined  pliitc  of  iron  i,  which  has  a  gfoove  to  receive 
the  head  of  the  pincers,  to  direct  them  in  their  motion  to  and  firom  the 
druw-plntc. 

Tlic  end  B  of  the  lever  is  depressed  by  cogs,  aflSxcd  to  the  axis  of  the  water- 
wheel,  which  dniws  the  wire  through  the  plate ;  but  when  the  cogs  quit  the 
end  of  the  lever,  it  is  returned  to  its  former  position,  by  means  of  a  rope 
fastened  to  the  end  of  B,  and  to  a  strong  wooden  pole,  fixed  to  the  top  of 
the  roof  of  the  building,  which  acts  as  a  spring.  As  the  lever  retumi  to  its 
place,  the  ])incers,  by  their  own  weight,  slide  down  the  inclined  plane,  and 
in  ilifir  descent  open  sufiicicntly  to  allow  the  wire  to  slide  through  then, 
witliout  extricating  iti^elf  from  their  jaws  ;  and  on  the  next  descent  of  the 
1l-\it,  tliry  clonic  upuu  the  wire,  and  draw  another  portion  through  the  plate. 

Three  of  these  niachine?,  of  difTerciit  sizes,  are,  in  general, 
employed  in  a  wire-mill ;  the  largest  draws  two  inches  d 
the  wire  at  each  stroke,  and  makes  about  forty-eight  strokes 
perininute;  the  next  four  inches ;  and  the  third  five  inches. 
This  last  makes  about  sixty-four  strokes  per  minute.  This 
mode  of  drawing  Avire  is  very  simple,  but  defective;  for 
much  time  is  lost  in  the  returning  of  the  pincers ;  they  some- 
times fail  to  take  hold ;  and  wherever  they  bite  they  make 
deep  marks  upon  the  wire,  which  are  not  more  than  two  inches 
apart  in  tlie  great  wire,  and  five  inches  in  the  smaller. 

Fine  wire  is  always  made  from  the  large  wire,  by  reducing 
it  and  lengthening  it  out  by  repeated  dra\ving8.  The  large 
wire  is  usually  manufactured  at  the  wire-mills  in  the  country, 
and  simictimes  is  reduced  to  simdl  wire  at  the  same  establish- 
monts.  but  those  who  liave  occasion  to  use  much  wire  usually 
puri>lia»o  Uio  large  sort,  and  reduce  it  themselves. 

A  'i.,M.!  ni.u-^:im\  rcpro^tMitrd  in  tip.  300,  ix  used  fi>r  ihis  puqvisp.  A  is  a 
"'■'•I  IT  olituUr.  turning:  upon  a  vertical  pin,  Hxcil  in  ihc  l»ciich  B;  C  a 
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by  Buuiual  labour ;  £  the  draw-plate;  and  a  a  the  pina  againit 

■hiib  it  verte.    The  yrin  to  be  drawn  is  placed  upon  a  reel  D,  which  tumi 

■pap  a  Teftieal  pin.    This  reel  is  sometimes  placed  on  the  table,  and  some- 

mtm  in  a  tub  oontaining  starch-water,  or  beer  that  has  become  acid.   This 

■■iliilo  loose  the  oxyd  firom  the  surfiace  of  the  wire,  which  it  has  acquired 

Mdn  proeeaa  of  annealing.  Fig.  361  represents  a  very  simple  and  complete 

■mi-dimwiDg  machine,  capable  of  drawing  three  wires  at  once.    A  H  are 

t«o  Tollen  or  barrels  with  cog-wheels,  T  V,  on  the  ends  of  iheir  axis.    S  is 

m  pBuon  which  is  turned  round  by  means  of  a  handle  B,  and  communicates 

iMtian  to  the  cog-wheels  T  V.    Both  these  wheels  are  fitted  upon  round 

fvti  of  the  axis  of  their  respective  rollers,  so  as  to  slip  or  turn  freely  round 

widkthe  same ;  but  a  square  is  fonr>ed  on  the  axis  outside  of  the  wheel,  aud 

adatdi  or  catch,  f  or  r,  is  fitted  on  this  square  part,  so  as  to  turn  always 

iDuid  with  the  axis.    Tlie  catch  is  at  liberty  to  slide  upon  the  axis  in  tne 

iiicction  of  its  lenj^h,  by  menus  of  a  lever  W,  which  operates  upon  both 

Mches  at  once.     When  either  of  them  is  pushed  hack  in  contact  with  the 

«M,  it  intercepts  two  studs  which  project  from  the  face  of  the  wheel,  and 

Ihn  eompels  the  axis  or  roller  to  turn  round  with  the  wheel ;  but  when  the 

cMcfa  is  drawn  away  from  the  wheel,  then  the  wheel  will  slip  rcund  upon  its 

Bis  without  communicating  any  motion.    By  means  of  the  lever  W,  only 

mt  wheel  can  be  engaged  at  once,  and  the  other  must  be  free.    The  draw- 

pfale  is  firmly  fixed  between  the  two  rollers,  and  it  has  a  great  many  holes ; 

Ihe  foOers  are  lung  enough  to  receive  three  wires  at  the  same  time.    Each 

foQer  has  a  groove  in  it  parallel  to  the  axis,  into  which  a  bur  of  metal  is 

iltid,  and  will  exactly  fill  it  up. 

When  the  wires  are  introduced  through  the  holes  in  the  plate,  the  ends 
aKbid  across  this  groove ;  the  bar  is  then  put  in  and  fastened  by  a  simple 
and  it  fastens  the  ends  of  the  wires  beneath  it,  so  that  they  be- 
d  to  the  roller ;  then  by  turning  the  handle,  B,  round,  the  twno 
are  put  in  motion  in  contrary  directions;  and  that  wheel  which  is 
ted  with  its  axle  by  its  catch,  will  turn  its  barrel  round,  and  wind  up 
the  wires  to  as  to  draw  them  through  the  plate  E.  The  other  roller  being  at  the 
saaie  time  detached,  its  wheel  is  at  liberty  to  turn  round  in  a  contrary  di- 
rection to  the  wheel,  as  fust  as  the  wires  are  drawn  ofi*  from  it.  When  tlie 
whole  length  of  the  wires  has  been  drawn  through  the  plate,  they  are  der 
lacbed  fircoa  the  roller,  the  ends  introduced  through  smaller  holes  in  the 
plate,  and  fastened  again  to  the  roller ;  then  the  lever  W  is  shifted,  to  dis- 
engage that  wheel  which  operated  before,  and  engage  the  otlier.  This  being 
dooe,  the  rollers  will  be  turned  in  an  opposite  direction,  and  will  wind  back 
the  wires,  although  tlie  handle  B  is  turned  tlie  same  way  round. 

After  the  wire  has  been  drawn  three  or  four  times,  the  metal  becomes  so 
hiid  and  fibrous  that  it  would  not  draw  any  more  without  breaking ;  it 
therefore  requires  to  be  heated  iu  the  fire  to  restore  its  ductility;  for  this 
pnpose  it  must  be  taken  ofl'the  barrels.  A  roller,  M,  is  provided  to  wind  the 
wire  upon  and  draw  it  ofi'  from  tiie  barrel ;  this  roller  is  turned  round  by  a 
handle,  m,  fixed  on  the  extremity  of  its  axis  ;  and  the  wire  which  is  wound 
upon  it  in  a  coil  is  slipped  off  sideways.  This  machine  is  well  adapted  to  be 
worked  by  a  mill,  because  the  handle  may  always  be  turned  in  the  same  way. 
Fig  362  rei)resents  a  machine  that  is  u$ed  for  reducin<:  the  wire  to  be 
caployed  in  tne  manufiicture  of  musical  instruments,  or  in  making  cards  for 
wool  and  cotton.  A  A  A  A  are  conical  rollers,  called  blocks,  each  having 
a  bush,  through  which  passes  a  vertical  spindle.  These  soindlcs  are  con- 
nected with  wheel-work,  situated  beneath  the  bench,  and  Win.;  round  aie 
capable  of  revolving  without  communicating  motion  to  the  rollers.  ^*  hen  the 
nm*  are  required' to  be  engaged,  they  arc  lifted  up  from  the  bench,  till  two 
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knobf,  fixed  in  the  hollow  part  of  each,  come  in  contact  with  a 
fixed  on  the  top  of  each  spindle,  which  immediateW  carries  them  found.  So 
long  as  any  wires  are  supplied  by  the  reels  E  E  E  £,  the  stress  of  the  wins 
passing  through  the  draw-plates  will  hold  the  rollers  and  spindles  dasped 
together ;  bnt  as  soon  as  the  whole  of  the  wires  have  passed  throagh  the 
draw-plates,  the  rollers  will  become  disengaged,  and  ML  upon  the  bench. 
The  tubs  in  which  the  reels  are  placed  contain  stale-beer  grounds,  or  staicb- 
water,  lor  the  purpose  which  we  have  already  noticed. 

The  French  draw-plates  are  the  most  esteemed,  and,  in 
time  of  war,  a  good  French  draw-phite  has  been  sold  fot  its 
weight  in  silver.  M.  Du  Hamef,  in  Les  Arts  ei  Metiers, 
vol.  XV.  gives  the  following  account  of  the  process  of  maldng 
the  draw-plates  for  the  large  iron-wire. 

A  band  of  iron  is  forged  of  two  inches  broad  and  one  inch 
thick.  This  is  prepared  at  the  great  forge.  About  a  foot  in 
length  is  cut  off,  and  heated  to  redness  in  a  fire  of  charcoal.  It 
is  Uien  beaten  on  one  side  with  a  hammer,  so  as  to  work  all 
the  surfiice  into  furrows  or  grooves,  in  order  that  it  may  re- 
tain the  substance  called  the  potin,  which  is  to  be  welded 
upon  oue  side  of  the  iron,  to  form  the  hard  matter  on  which 
the  holes  are  to  be  pierced.  This  potin  is  nothing  but  frag- 
ments of  old  cast-iron  pots  ;  but  those  pots  which  have  been 
worn  out  by  the  continued  action  of  the  fire  are  not  good ;  the 
fragments  of  a  new  pot  which  has  not  been  in  the  fire  are 
better. 

The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and 
mixes  the  pieces  with  charcoal  of  white  wood.  He  puts  this 
in  the  forge,  and  heats  it  till  it  is  melted  into  a  sort  of  paste ; 
and  to  purify  it  he  repeats  the  fusion  ten  or  twelve  times,  and 
each  time  he  takes  it  with  tlie  tongs  to  dip  it  in  water.  M.  Du 
Hamel  says,  this  is  to  render  the  matter  more  easy  to  break 
into  pieces. 

By  these  repeated  fusions  with  charcoal,  the  cast-iron  is 
changed,  and  its  qualities  approach  those  of  steel,  but  far 
from  becoming  brittle,  it  will  yield  to  the  blows  of  the  luun- 
mer  and  to  the  punch,  which  is  used  to  enlarge  the  holes. 
The  bar  of  iron  which  is  to  make  the  draw-plate  is  covered 
with  a  la^er  of  pieces  of  the  potin,  or  cast-iron  thus  prepared. 
It  is  applied  on  the  side  which  is  furrowed,  and  should  occupy 
about  luJf  an  inch  in  thickness.  The  whole  is  then  wrapped 
up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  water, 
mixed  up  as  thick  as  cream,  and  is  put  into  the  forge.  The 
potin  is  more  fusible  than  the  forged  iron,  so  that  it  will  mek. 
rhe  plate  b  withdrawn  from  the  fire  occasionally  and  ham- 
mered very  gently  upon  the  potin,  to  weld  and  in  some  mca- 
i^ure  amalgamate  it  with  the  iron,  which  cannot  be  done  at 
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it  must  be  repeatedly  beated  and  worked  until  Ihf* 

t«  the  irun.     The  M'orknian  then  throws  dry  pow- 

ler,  they  iiay,  to  aoften  the  pottn. 

1  i^iiitt*,  th«  phitf  is  ngnin  heutcd>  and 

by  two  wurkmcu,  who  druvv  out  the  plate  of  one  foot 

AtciiiTtli  ijf  two  feet,  aud  give  it  the  form  it  is  to  have.     It 

|ii  v,  ri  ihut  cast-iron  cannot  be  worked  at  the  forge 

^'^f  ',.  vviking  under  the  hammer ;  but  in  the  pre&ent  iu- 

\i  U  alloyed  with  the  iron-bar,  and  is  dniwn  out  wHh 

;v    it   htt«  also  ticuuired  new  properties  by  the  repeated 

fusions  wiiii  duircoal* 

T  -  are  next  pierced  whilftt  the  plate  is  hot*     TTiis  is 

ifcri  N  well-pointed  puueb  of  German  steel,  applied  on 

Uot  »idt  of  the  plate  which  is  the  iron-bar.  It  requires  four 
hc&te  in  the  fire  to  punch  the  holes,  and  every  turn  a  finer 
[  (Hiocli  i^  employed,  so  as  to  make  a  taper  hole.  The  makers 
of  druw-plates  do  not  pierce  the  holes  quite  through,  but 
Wsve  it  to  the  wire-drawers  to  do  it  themselves  when  the 
■btr  ^  r  V]^  with  sharp  punches,  and  then  they  open  the 
mI-  i /e  they  desire  ;  and  although  this  potin  is  of  a 

ffiy  luixU  substance,  the  size  of  the  hole  may  be  reduced  by 
fumc  blows  with  a  hard  hammer,  on  the  Bat  surface  of  the 
yklte  round  the  hole. 

A  great  many  holes  are  made  in  the  same  plate  ;  and  it  U 
important  that  they  should  diminish  in  size  by  very  imper- 
reptn  T'*  r^ndations  ;  so  tliat  the  workman  can  always  choose 
i  I  uible  for  the  wire  he  is  to  draw,  without  being 

•Hi  '?duce  it  too  much  at  once. 

7  f  liin  the  size  of  the  wire,  three  kinds  of  gauges  are 

«iri2.  J  he  one  is  romle  of  a  piece  of  wire  bent  in  zigzag, 
Willi  a  Hpace  of  a  different  widtli  between  every  bend  i  another 
b  made  of  a  steel-plate  with  notches  on  tlie  edge  ;  and  tlie 
oChiMV  which  is  the  moat  accurate,  consists  of  two  stniight 
mlrn  of  steel  pot  together  at  an  angle.  The  diameter  of  the 
in  this  fast  is  indicated  by  the  depth  to  which  it  will 
into  the  angle  ;  the  edges  of  the  rules  are  diMticd  into 
part*  for  that  purpose,  and  numbered,  to  correspond 
irlth  the  tliflTerent  sizes  of  the  wire. 
The  wire  manufactory  of  Messrs.  Mouchel,  situated  at 
I'Aii^e,  in  t!ie  department  of  L'Ome,  is  one  of  tJie  most 
^  idenible  in  France.  It  fuminhes  annually  in  cards  for 
l-eoinbuig  only,  100,000  quintals  of  iron  wire,  each 
100  )b«.  A  part  of  tins  is  consumed  in  France,  aud  tlie 
b  exported  to  Spab>  Italy,  PortugaJ,  and  even  to  the 
n  of  Uie  Levant* 
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They  employ  the  iron  manufactured  in  the  departments  of 
L'Onie  and  La  Haute  Soane,  as  being  of  the  best  quality. 
The  first  produces  the  best  wire  for  making  screws,  nails,  and 
pins,  as  much  on  account  of  its  hardness  as  its  fine  polish,  which 
resembles  steel-wire.  Tn  this  respect,  it  is  superior  to  the 
iron  of  Haute  Soaiie ;  but  from  its  ductility  the  latter  can  now 
be  made  extremely  fine,  and  it  appears  to  be  most  free  from 
heterogeneous  particles. 

Tlie  smelted  iron,  prepared  and  hammered,  being  in  a  state 
nearly  fit  for  their  purpose,  is  transported  at  a  small  expense 
to  L*Aigle,  by  the  rivers  and  canals.  They  have  a  forge  to 
reduce  the  steel  and  iron  of  Normandy,  which  arrives  in  large 
pieces,  into  small  and  regular  bars. 

When  the  iron  is  formed  into  an  irregular  bar  of  about  a 
centimetre,  near  four-tenths  of  an  inch  in  diameter,  they  be- 
gin to  draw  it  into  wire.  AlUiough  it  be  already  much  extended 
by  hammering,  it  is  in  the  first  place  passed  four  times 
through  the  drawing-plate ;  then  its  molecules  become  dis- 
posed lengthways,  and  exhibit  fibres  at  their  utmost  exten- 
sion. The  fibres  must  be  removed  by  means  of  heat,  which 
disperses  and  divides  them;  and  «ifter  that  the  wire  may 
again  be  reduced  three  numbers.  The  fibres  which  are  re- 
produced by  this  operation  arc  again  removed  by  heat,  llie 
whole  process  is  five  times  repeated,  consequently  the  ^dre 
is  passed  through  fifteen  numbers ;  after  which,  a  single  ex- 
posure to  the  fire  is  sufficient  to  fit  it  for  passing  six  others, 
M'hcrcby  it  is  reduced  to  the  thickness  of  a  knitting-needle. 

The  steel-wire,  being  much  harder,  requires  to  be  passed 
through  forty-four  nimibers,  and  to  be  annealed  every  other 
time. 

The  machine  which  draws  the  stccl-wire,  must  go  slower 
than  that  which  draws  the  iron;  for  the  first  beiiig  very 
hard,  and  offering  more  resistance  to  the  drawing-plate, 
should  be  pulled  out  with  more  Ciire,  since  tiif  quickness  ought 
to  be  proportioned  to  the  resistance,  and  reciprocally ;  and 
if  they  depart  from  this  principle  the  results  wU  vary.  Thus, 
for  example,  the  iron  of  the  deparlmeiit  of  L'Ome,  which  is 
more  compact  than  that  produced  at  Haute  Soane,  if  drawn 
by  the  same  machines,  augments  to  hardness,  and  is  weakened 
when  it  is  brought  to  too  great  a  degree  of  fineness.  But  this 
iron,  which  is  very  hard,  and  capable  of  receiving  a  very  high 
polish,  is  to  be  preferred  for  certain  uses. 

In  order  to  anneal  the  wire,  they  formerly  employed  a 
large  and  elevated  furnace,  with  bars  of  cast-iron  to  suppoit 
the   wire    in    the  middle   of  the   flames.    It  contains /%00 
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ponnds  weighty  so  contrived  as  to  contain  equal  portions  of 
och  number.  They  arc  so  arranged  that  the  thickest  wires 
receive  the  strongest  heat;  therefore^  the  whole  is  equsdiy 
beitod  in  the  same  space  of  time. 

The  operation  lasts  three  hours  with  a  fire  well  kept  up, 
ndit  might  be  imagined  that  this  apparatus  was  completely 
aduted  to  the  purpose  ;  but  there  are  imperfections  m  this 
iiieuiod>  because  it  leaves  the  wire  exposed  to  the  contact  of 
the  atmospheric  ur,  the  ox}'gen  of  which  it  seizes  with  extreme 
avidity ;  whence  a  considerable  quantity  of  oxyd  is  occasioned, 
■ndalso  an  operation  to  free  it  from  the  scales,  which  consists 
of  beating  the  bundles  of  wire  with  a  wooden  hammer  wetted 
with  water. 

Notwithstanding  this  precaution,  there  often  remains  a 
portion  of  oxyd  adhering  to  the  surface  of  the  metal,  which 
tttcaks  the  draw-plate,  or  fixes  on  the  wire,  and  gives  it  a 
tanuahed  appearance,  and  causes  it  to  break  when  it  is  brought 
to  a  great  degree  of  fineness.  This  furnace  is  only  used  for 
the  rteel-wire,  or  the  iron  from  L'Ome,  which  is  less  liable 
to  change ;  and  besides,  being  harder,  is  not  easily  attacked 
by  the  oxygen. 

In  order  to  diminish  the  waste  that  the  fire  occasions,  they 
have  contrived  another  process,  which  consists  in  dipping  the 
bundles  of  wire  into  a  basin  of  wet  clay  before  they  put  them 
into  the  furnace;  and  they  are  left  in  the  furnace  to  dry 
before  the  fire  is  lighted,  mthout  which  precaution  the  clay 
would  peel  off  from  the  iron. 

For  making  wire  for  cards,  M.  Mouchel  invented  another 
fiunace.  It  is  round,  and  about  one  metre  six  decimetres 
in  diameter,  and  one  metre  eight  decimetres  in  height,  without 
including  its  parabolic  arch,  and  the  chimney  above  it.  Hie 
uterior  is  divided  by  horizontal  grates  into  three  stories ;  the 
knrest  receives  the  cinders,  the  second  is  the  fire-place,  and 
into  the  third,  or  upper  place,  they  slide  a  roleau  of  wire, 
weighing  150  kilogrammes,  which  is  enclosed  in  a  space 
comprised  between  two  cast-iron  cylinders,  being  luted  to 
prevent  the  admission  of  jur  between  them.  The  fiames 
circulate  about  the  outside  of  the  first,  and  within  the  interior 
of  the  second,  which  defends  the  wire  from  atmospheric  air. 
TTie  diameter  of  the  largest  cylinder  is  about  one  metre  foiu* 
decimetres  ;  that  of  the  second  one  metre ;  thus  the  space 
comprised  between  them  is  two  decimetres,  on  an  elevation 
of  five  decimetres.  There  must  be  several  pair  of  cylinders 
provided,  because  whilst  one  pair  is  in  the  furnace,  another 
mutt  be  prepared  to  receive  a  fresh  roleau  of  wire ;  they  arc 
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iged  every  hour  by  means  of  a  long  iron  le%'cr,  with  which 
single  man  can  easily  push  them  in,  and  draw  tlieni  01  ' 

lin,  as  the  cylinder  slides  on  cast-iron  rails. 

They  are  very  carefid  not  to  open  the  cylinders  imi 
liately  cm  their  being  drawn  out  of  the  fire ;  for  the  roll 
>f  wire  contained  In  them,  being  still  red,  would  uxy< 
luite  as  much  us  if  they  had  been  heated  in  the  midst  cu 
lameii  without  the  least  precaution. 

The  opening  contrived  for  the  passage  is  on  the  side,  ani 
lias  a  door  of  cast-iron,  with  a  groove  which  winds  rotind 
furnace  ;  the  fire-place  has  one  something  simihir  to  it ;  that] 
of  the  ash-hole  is  vertical,  in  order  that  it  may  be  raised  Kf] 
increase  the  fire  at  will. 

When  the  iron -wire  is  reduced  to  the  thickness  of  a  kiiitting^ 
peedle,it  is  made  up  into  bundles  of  J25  kilogrammes  (273  lbs.] 
each,  into  a  large  iron  vessel,  in  order  to  aimeal  it  sufficicnl 
to  be  reduced  for  the  last  time.  This  vessel  is  placed  upside- 
.dowa  in  the  middle  of  a  round  furnace,  which  is  so  con< 
etructed  as  to  sustain  burning  coals  all  round  It,  and  of  whic] 
it  consumes  35  kilogrammes  (77  l^s.)  before  the  operation  " 
completed.  The  cover  must  be  carefully  luted,  as  the  slighter 
admission  of  air  is  sufficient  to  burn  the  external  surfiaces 
the  wire  to  an  oxyd,  which  cannot  afterwards  be  reduced^. 

When  one  of  these  vessels  is  sufficiently  heated,  it  la  fillf 
with  water  containing  three  kilogrammes  (six  pounds 
a  half)  of  tartar,  and  suspended  over  the  flames  of  the  fun 
to  make  it  boil  j   this  solution,  without  attacking  the  met 
frees  it  from  the  grease  and  the  little  oxyd  that  adheres  to 
This  is  the  last  operation  in  which  the  wire  is  exposed  to 
fire,  and  it  is  then  in  the  proper  state  for  being  reduced 
the  utmost  degree  of  fineness  it  is  capable  of  sustaining,  ai 
will  preserve  enough  of  the  effect  of  the  annealing  to  requii 
it  no  more  j  but  when  the  natural  hardness  of  the  iron  variei 
this  last  exposure  to  the  fire  should  take  place  in  propoiiioi 
to  its  thickness.  As  steel  loses  its  capacity  of  extension  mu(' 
~^  ner  than  iron,  it  is  annealed  until  it  is  no  thicker  than 
g-needle.    The  space  which  is  left  m  the  vessel  Is  filli 
with  charcoal-dust,  which  prevents  it  from  losing 
quality  of  steel,  and  presents  the  heat  long  enough  to  gii 
it  the  proper  degree  of  pliancy. 

As  Messrs,  Mouchel  always  use  iron  and  steel  at  the 
manufactorj^  they  have  been  able  to  reduce  their  opci 
to  a  general  system  ;  and  to  attain  this  end,  have  detci 
a  graduated  scale,  by  which  the  wire  will  not  be  more  atretche 
'*   "^'  drawing-plate  in  one  number  or  size  tbaa 


Up 


in  the 
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the  method  tlicy  contrived,  in  or'drr       ^     n 

iron-wire  : — ^They  take  a  cert^iin  qr       n  ^    if 

TUiiitt^  thickucsseH,  which  has  been  dmwri  as  fine  as  the  iron 

^,,.,l.i   h,...  .  the  Binallest  size  iB  lOO.OUJ  metres    (1(K>,333 

to  the  kilogramme,  2*2  pounda  nvoirdupois  ; 

laev  y.ouj  me  weight  th*it  each  might  be  capable  of  8upportin|^ 

•rithimt  lineakini^  ;  this  being  expressed  by  figures,  it  is  easy, 

by  a  f(  ions,  to  express  them  in  a  progressi^'c 

farm.    (  :ale  has  been  partly  formed  by  compariyg 

tke  wci|^'iit  of  the  different  stites  with  equal  lengths^  from 

which  gauges  or  calibres  may  be  made  for  the  use  of  thif 

wurkman.     These  gixuges  are   certain   guidesi,  which  they 

cnn^''*  "^i*-  take,  except  through  great  cawlessnes^i.     If  they 

hii  >e  gauges,  they  M'ould  often  pass  the  wire  thTX)uglt 

holcB  Hi  trie  drawing-plates  that  are  too  lai'ge  for  it,  whenca 

U  dof?«  firtt  acquire  the  strength  it  shuuld  have  in  proportion 

to  ;•  and  loses  its  hardness  ;  they  might  also  pasa 

ll  I;       _  that  were  too  small,  which  would  weaken  it, 

and  render  it  ver)*  brittle.     In  the  latter  case,  it  frequently 

happens   that  the  steel  of  the  drawiug-plate»  being  unable 

tfl  ftoytain  the  force  to  which  it  is  exposed,  will  give  way, 

a&  if  tlie  plate  were  too  soft ;   and  the  wire  will  be  brittle 

ftt  the    beginning,   and   soft    and    too   thick   at  the   other 

\  itesrt  part  of  the  fine  wire  at  Messrs.  Mouchel'a 

in^i  y  is  drawn  by  workmen  who  are  dispersed  about 

tli'  ;   but  they  have  also  a  machine  which  moves 

ti\  I    bobbins  in  u  horizontal  direction,  which  only 

ret^unr.,  L^iC  workmen  to  look  after  it.  It  is  upon  the  bob- 
bins that  tiie  wire  is  reduced  to  the  different  degrees  of  thin- 
QMI  desired  ;  therefore  this  is  the  last  operation  in  the  art  of 
■riting  iron  and  st^cl  wire,  although  it  h&n  all  requisite  quail- 
Uc»  ijiveii  to  it  in  the  workshop  of  the  wire-drawer. 

Wire  is  still  incapable  of  being  uuxde  into  needles  and 
cacrdiiig-books  until  it  has  undergone  another  operation  for 
ifp«.«niCT  rind  straightening  the  wire,  by  which  it  is  made  to 
1^'  id  or  curve  that  it  acquires  on  the  bobbins. 

1  Ujn  wtirk  consists  in  drawing  the  wire  bet^-een  pins  fixed 
tm  a  piece  of  wood,  and  which  act  to  bend  the  wire,  first  in 
Ode  direction  and  then  in  the  opposite,  in  a  waving  line,  of 
whidt  the  waves  are  at  first  larger,  but  decrease  gnuhially, 
an  '    tends   to  force   the  wire   into  a 

s  obliged  constantly  to  ailju^  the 
i!^  or  raising  them  with  strokes  of  the  liauunef# 

L.,  Uii  i:^.:v  ijumber  of  wires,  the  puis  mu»t  be  at  diff-erenl 
:2  4 
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Jir 


T]  '^  requires  &  varktmui  of  inUli 


IS  iiisLniniciit  ih  uaw  nppropriated  to  thiii  o\ 
-)vea  all  difhcolty.     Six  littJf  puppeU  of 


Med  for  the  nails  of  the  ordiniiy  iogtru* 
i\  panvliel  bars  of  metal,  60  jointed 


togt-j 

tbcr  that  the  movement  of  theui  all  will  be  parallel,  and  t 
puppets  are  widened  or  brought  nearer  together  by  »crewj» 
the  wire  is  drawn  between  theae  puppete  in  a  ziga^jEr  oi 
wsiring-  line,  and  the  repeated  flexures  break  the  sinuosities 
the*  wire.  There  is  a  conductor  of  the  >vii*e  to  the  puppet 
ni  H^r  conductor  which  serves  to  prevent  Die  ^M^ 

bt  M  .ken.     There  are  slight  grooves  at  the  extn:     u 

the  puppets,  to  give  a  passage  to  the  M'ire.    A  ucale  sua 
by  a  screw  indicates  the  distance  at  which  the  puppeti  s 
be  placed  from  each  other,  to  straighten  each  sixe  of 
Ibis  forms  nearly  an  invariable  rule,  and  thr   1  r       r  saves  a 
third  of  the  time  wliich   is  employed  in  re-  _  the 

of  the  instrument  formerly  used.     There  is*  nothing 
be  done  but  to  draw  out  the  wire  by  means  of  a  wl 
which  he  reels  it,  and  then  form  it  iato  bundles  to  be  6ti&' 
Tcred  to  the  consumers. 

The  steel  wire  of  France  is  proper  for  many  porposM, 
IS  brought  from  Messrs.  Mouchel  for  making  knitting-Deedlcs< 
in  the  Engliah  fashion,  shoemakers'  needles,  and  other  simtl 
lurticles ;  it  may  be  also  used  for  needles  of  all  su/ta,  ami 
even  for  cunls  for  wool-combing  ;  but  as  this  steel  h  amdi 
more  expensive  than  the  iron-wire,  it  is  very  seldom  UMd  fiif 
tlic  latter  purpose, 

*11ie  method  of  preparing  the  draw-plates  is  descri1>ed  by 
Messrs.  Mouchel,  and  is  different  from  that  before  described. 

For  making  wire  for  (^rds,  two  sorts  of  drawing-plales  ore  ustd 
and  «mall  ones ;  the  tirat,  for  the  sort  of  wir«' 
in  drawn  with  the  pincers,  as  fig.  359,  and  %\ 
is  a  cylinder,  adapted  lo  the  axis  luriie<t  b}  i 

S reference,  lo  avoid  the  marks  made  on  the  ^v 
ra wing-plates  are  used  for  such  wbe  as  ma^' 
which  they  employ  for  ihese  drawing^plates  should  uevsr 
except  that  the  ^^mnllest  pieces  are  mawle  of  th«  (inesl  »U:t>{, 
Qf  iron  d  in  thie  f^irti^ce  in  the  frmn  of  a  box 
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Tliis  opermtion  is  repeated  fr^m  se^eo'lo 
tf,  wiiich  leDdecs 


icoonli^g 


tiiifituh 
o.  a  cr\iHi  foriDs  on  iKc  -t-.  L  Avhich  is  detached  from  it  the  flD£ 
^  the  fire,  1  crust  ti  composed  of  an  o«vd«le4 

jality.    U  ^i  >^pp«iis  thot  two,«nd€Tca  th»f, 

xihiA  aie  ^nzied  of  about  twru  iiuiiiiii«tre&,  or  one-^sixloculb.  of  m 
Lckness,  which  must  abo  be  removed 

After  all  these  different  fusions,  the  plate  iis  beate^i  by  a 

loier  wetted  with  water,  and  the  proper  leogth,  breadth^ 

ind  thickncsB,   are  given  to  it.     When  thus  pre]>ared,  the 

;6  are  heated  again,  in  order  to  be  pierced  with  holes  by 

kches  of  a  conical  form ;  the  opendion  is  repe:»ted  fire  or 

times,  and  the  punches  used  each  time  are  f 

ler.     It  is  of  importance  that  the  plate  ne.  ii 

id  A  cherry-red,  because  if  it  receives  a  higher  degree  of 

the  steel  undergoes  an  unfa\*ourable  change.  The  plates^ 

rben  finished,  present  a  very  hard  material,  which  neverthe- 

(8  will  yield  to  the  strokes  of  the  punches  and  haujmcr^ 

fhich  they  require  when  the  holes  become  too  much  enhirged 

the  frequent  passing  of  the  wire  through  them. 

When  the  plates  have  been  repaired  several  times,  they 

rquirc  a  degree  of  hardness  which  renders  it  necessary  to 

itical  them,  especially  when  they  pass  from  one  size  to 

tother ;  sometimes  they  do  not  acquire  Uie  proper  quality 

mtil  tliey  have  been  annealed  several  times.   Notwithstanding 

11  the  precautions  which  are  taken  in  preparing  the  plates, 

steel  still  varies  a  little  in  hardness,  and  according  to  this 

Liiation  they  should  be  employed  fur  drawing  either  steel  or 

m  wire ;  and  if  the  workman  who  proves  them  finds  that 

ley  are  too  soft  for  either  the  steel  or  iron,  they  are  put 

idc,  to  be  used  by  the  brass-wire  drawers, 

plate  that  in  best  adapted  for  drawing  of  steel-wirc  is 
rn  unfit  for  the  iron  j  for  the  long  pieces  of  this  latter 
!tal  Avill  become  smaller  at  the  extremity  than  at  the  begin- 
because  the  wire,  as  it  is  drawn  through  the  plate,  is 
Tihly  heated,  and  the  adliering  parts  are  swelled,  conse- 
itly  pressed  and  reduced  in  size  towards  the  latter  end. 
plates  that  are  fit  for  brass  are  often  too  soft  for  iron, 
the  effect  resulting  is  the  reverse  of  that  produced  by 
pi;*  s  too  hard, 

'11  icht  plates  whicli  Messrs.  MoUchcl  uie  arc  at  the 

;ast  two  centimetres,  or  cight-tentlis  of  an  inch,  in  thickness, 

that  the  holes  can  be  made  sufficiently  deep;  for  when 

iy  are  of  a  less  thickness,  they  will  seize  the  wire  too  lyd^ 

Tj  and  injure  it. 

9a3 
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Thh  i%iconvemence  h  much  felt  in  -     -     "    •     l^jj 
tJiey  continue  ta  use  the  plates  ft>rtOi>  ,   a'?  thry 

bet'ome   cxcecdiogly   thiu   after    fre<iiieiit   repjijr*, 
Menarji.  Mouchel's  large  plutea  reduces   I,4<X)  kiloi; 
(3,080  lbs,  avoirdupois)  from  the  largest  si/e  of  wire  to  N* 
which  is  of  the  tbtckness  of  a  knittini^-needle ;   400 
I  grammes  (880  lbs.)  of  tbi«  Tuimber  ure  afterwards  rrdui 
'Oiie  single  ssnyall  plate  to  N**  24,  which  in  crirdin|f-wire 
to  finish  them,  they  are  pasi»ed  through  twelve  tim 
cciwively, 

\\'ire!*  are  frequently  drawn  so  fine  as  to  be  wroiigitt 
nith  other  threads  of  silk,  wool,  or  hemp;    ainl  tluiti  Ihey 
become  a  considerable  article  in  the  maoufacture*. 

Dp.  Wollfvstoii,  ir>  l8Ki,  communicated  to  the  Moyml  Socii 
Itfie  ivetdt  of  his  experiments  in  drawing  wire,     flaring 

Snireti  some  fine  wire  for  telescopes,  and  remeniberiug  t 
Inschenbroek   mentioned  wire  500  feet  of  which 
Drily  a  single  grain,  he  (h'termined  to  try  the  cx[ 
ftltho\igh  no  method  of  making  such  fine  wire  liad  ei 
been  published.     With  this  view,  he  took  a  rod  of 
drilled  a  hole  through  it  only  oiie-tenlh  its  diameter,  AUcd 
bole  with  gold»  and  succeeded  in  drawing  it  into  wire  iiO  il^ 
did  not  exceed  the  three  or  four  thou:iandth  port  ol  an  tocb, 
and  could  have  thos-  drawn  it  to  the  greatest  tun  i 
tihle  by  the  senses.     Drilling  the  silver  he  foui. 
bleaome,  and  determined  to  try  to  draw  plotiua-wir  ♦- 

metal  woidd  bear  the  silver  to  be  cast  round  it.      li  » 

succeeded  unth  greater  ease,  drew  the  platina  to  any  fmeneiMt 

id  plunged  the  silver  in  heated  nitric-acul.  whuU  diu^t 

f,  and  left  tlie  gold  or  platina  wire  perfect. 


LEAD  MANUFACTURE. 

Lead  or6  is  foimd  in  most  parts  of  the  world.     In  Brii 
the  principal  lead- mines  are  situated  in  Cornwall,  Devciii^hii 
md   Somersetshire ;    in    Derbyshii^,    Durham,    Lun 

X'umberiand,  and  Westmoi*el«nd  ;  in  Shrr»p»hirc,  FUo 
Denbighshire,  Merionethshire,  and  Montgtnn   ;     '^ 
iead-bill«  in  Scotland,   on   the  borderi*  of  i 

►Lanit         ■  ^       I  ire,  and  at , St'      i     . 

7i.  _  he  ore  ia  pen  f- 

'furnucc,    called   an  ore* hearth,  or  a   reverber;t 
In  the  former  luetbod,  the  me  ;ind  fuel  arc  uii 
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ami  exposed  U)  tiie  ndlon  of  the  blast,  which  q^Wkly  fu 
tftie  Btctal,  and  cause !^  it  to  fall  into  the  lower  i>art  of  the 
Isenrih,  where  it  is  protected  from  the  oxygen  of  the  hloMl 
hy  the  sairia  that  floiitii  upon  its  surface. 

Wheti  the  fluid  lead  is  t'lpped,  or  drawn  off,  a  sufHcient 
quantity  of  it  is  left  in  the  furnace  to  float  the  liciuid  Hcoria  ; 
but  when  the  whole  of  the  le^d  is  to  be  drawn  ott,  the  blast 
is  «lopped,  and  some  lime  is  thrown  into  the  furnace  to  coa- 
ovrte  the  scoria,  while  the  lead  is  run  out. 

In  stneltin^  by  the  reverbemtury-furnACc,  which  ifi  axU' 
doobtediy  the  best  in  placets  wliere  there  in  an  ample  Eupply 
qf  cmU^  the  fire  is  made  at  one  end,  and  the  flame  pasties  mat 
the  hearth,  and  enters  into  }»n  oblique  cliimney,  whicli  ter- 
nnnales  tn  a  perpendicular  one,  called  a  stack,  of  considerable 
beight.  Tlie  len^h  of  tlie  hearth,  from  the  place  where  the 
firo  enters  to  the  chimney,  is  about  eleren  feet,  two  of  wliich 
omstttute  the  throat  of  the  furnace ;  the  remainder  forms  a 
ODoemve  surface,  fuur  and  a  half  feet  wide  at  the  throat  of  the 
liwgHicr,  seven  feet  four  inc^ies  at  the  distance  of  t;vo  feet  from 
tlirlJiRNit,  seven  feet  two  inches  in  the  middle  of  the  hearth, 
kfe  feet  eleren  inches  at  tn  o  feet  distance  from  the  chimney, 
«m1  iTr«)  feet  ten  incheiS  where  the  flame  enters  the  chimney 
tft  two  apertures,  each  ten  inches  square ;  the  throat  of  the 
IwiiAce  is  two  feet  long,  four  feet  wide,  and  six  inches  deep ; 
tlie  letigtb  of  the  fire-phicc  four  feet,  equal  to  tlie  width  of 
klia  IhsoM ;  its  width  two  feet,  and  depth  three  feet,  from  the 
l^te  up  to  the  throat  of  the  furnace;  the  section  of  the 
oUiaac  clumucy  is  i«ixteen  inches  square,  and  of  the  perpen* 
^Wnr  twenty  incheis,  supposing  a  straight  horizontal  lin« 
4imwn  from  the  lower  plane  of  tlie  throat  of  the  chimney  to 
tilt  opposite  mW  of  the  furnace  ;  the  lower  part  of  the  con- 
cave hearth,  which  is  in  the  middle  of  this  caWty,  is  nineteen 
inches  below  this  line,  the  roof  uf  the  furnace  being  seventeeu 
tvcbeit  aboTC  the  same  line ;  the  rest  of  the  hearth  is  conform* 
libly  ooacavc. 

The  furnace  on  one  side  has  tliree  openings,  about  ten 
iiidies  iquare,  at  equal  distances  from  eiich  other,  and  pro- 
irided  with  iron  doors,  which  can  be  removed  as  occasion  may 
retjuirr.  Besides  these  apertures,  which  are  for  the  purpose 
tJ  Taking  and  stirring  the  ore,  &c.  and  consequently,  upon 
a  kvtl  with  the  horizontal  line  above  alluded  to,  there  arc 
two  others  of  smaller  dimensions,  the  one  to  Uxp  the  liquid 
lead,  the  other  the  scoriiju  The  ore  is  ifitroduced  by  a  vessel 
ixi  ilu»  f^hape  of  a  hoptHjr  placed  in  the  roof  of  the  furnace. 

ores  of  lead,  similarly  to  those  of  iron  and  luobt  oti^ef 
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metalsy  arc  combined  with  yarious  Idnds  of  earthy  mattors 
which  require  them  to  be  well  pouttded  befiwre  they  are  intnH 
daoed  into  the  reverberatory  or  smelting'  furnace.  The  pound* 
jDg  is  sometimes  performed  by  women  using  hammeni,  and 
Bometim,es  the  ores  are  pounded  or  crushed  by  causing  them 
to  pass  through  iron  rollers  loaded  with  great  weights.  After 
file  ores  have  been  pounded  or  crushed,  the  earthy  matter 
is  separated  by  washug. 

The  powder  to  be  washed  is  put  into  a  riddle  or  sieye^  and 
placed  m  a  large  tub  full  of  water ;  when,  by  a  certain  mo- 
non,  the  lighter  or  earthy  parts  are  separated  and  thrown 
over  the  et^e  of  the  riddle,  while  the  metal,  which,  aa  w^ 
have  before  stated,  is  always  considerably  heavier  than  its 
accompanying  ingredients,  is  retained.  There  are  some  im- 
purities, however,  which  cannot  be  separated  by  this  prooeaa, 
consistmg  principally  of  bliiid,  or  black-jacky  called  mock  ore^ 
fmd  pyrites,  or  Qulphuret  of  iron,  named  BraziL 

In  the  process  of  smelting,  the  ore  is  spread  upon  the  con- 
cave hearth,  po  that  the  fiame  may  act  upon  it»  and  release 
the  sulphur.  When  the  sulphur  has  escaped,  the  lead  con^ 
bines  with  oxygen^  and  the  oxyd  of  lead,  thus  formed,  com- 
bines with  and  reduces  the  earthy  matter  to  a  liquid,  which 
floats  upon  the  suriace  of  the  metal,  and  for  the  remainder  of 
the  operation,  protects  it  from  the  action  of  the  oxygen.  The 
temperature  of  the  fiimace  is  now  considerably  raised,  to 
separate  as  quickly  as  possible  the  lead  from  the  hquid  scoria; 
after  which  a  considerable  portion  of  the  scoria  is  tapped  off, 
leaving  only  so  much  behind  as  is  necessary  to  protect  the 
metal  from  the  action  of  the  oxygen.  The  fire  is  now  sladrened, 
and  a  quantity  of  slack,  or  remse  pit-coal,  thrown  into  the 
furnace,  which  serves  to  diminish  the  heat,  and  to  concrete  the 
melted  scoria ;  though  this  last  part  of  the  process  is  not  well 
done  imless  powdered  lime  be  also  added.  The  scoria  being 
now  hardened,  is  broken  to  pieces  by  a  rake,  and  thrust  to 
the  opposite  side  of  the  furnace,  where  it  is  taken  out  through 
the  apertures  already  mentioned. 

The  lead  is  now  tapped,  in  a  manner  similar  to  that  de- 
scribed in  the  manufacture  of  iron,  and  is  allowed  to  run  into 
a  large  iron  pan,  from  whence  it  is  laded  into  moulds  to  cast 
into  pigs.  When  the  ores  abound  with  blind,  or  black-jack,  or 
sulphate  of  iron,  it  becomes  necessary  to  add  the  fluat  of  lime, 
as  a  flux. 

The  scoria  is  still  found  to  contain  some  lead,  independent 
of  that  in  the  state  of  oxyd,  and  chemically  combined  with  it, 
and  is  consequently  exposed  to  the  heat  of  another  finMice, 
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o  species  of  blut^  and  caUed  a  elag-heartb,  which  fuses 
Odd  causes  the  metal  tt>  penetrate  through  it^  and 
a  cavity,  where  it  is  protected  from  the  agency  of 
the  blait,  and  from  wheace  it  is  taken  and  cast  into  pigs. 

Am  all  lead  ores  contain  more  or  less  of  silver,  we  shall 
extract  from  Dr.  Rees's  Cyclopaedia  the  method  by  which  the 
ailTer,  by  the  oxydaiion  of  tlie  lead,  is  extnwrted. 

"A  shallow  vessel,  or  cupel,  is  filled  with  prepared  fem-ofihcs 
well  rammed  down,  and  a  concavity  cut  out  for  the  reception 
of  tlie  lead,  with  an  opening  on  one  side  for  the  mouth  of  the 
l>ellowSj  tlirough  which  the  air  is  forcibly  driven  during  the 
|»FT>ce8s,  The  French  smelters  cover  the  surface  of  the  ashes 
viLii  hay,  and  arrange  symmetrically  the  pieces  of  lead  upon 
it.     When  the  fire  is  lighted^  and  the  lead  is  in  a  state  of 

gon  from  the  reverberation  of  the  flame,  the  blaist  from 
ipellows  ia  made  to  play  forcibly  on  the  surface,  fmd  in  a 
It  time  a  crust  of  yellow  ox  yd  of  lead,  or  litharge,  is 
led,  and  driven  to  the  side  of  the  cupel  opposite  to  the 
Iboulh  of  the  bellows,  where  a  shallow  side  or  aperture  is 
made  for  it  to  pass  over  ;  anuthcr  crust  uf  litharge  is  formed 
ind  driven  off,  and  this  is  repeated  in  succession  till  nearly 
[lit  the  lead  has  been  converted  into  litharge  and  driven  oft, 
I'lie  operation  continues  about  forty  hours,  when  the  complete 
icparaliun  of  the  lead  is  indicated  by  a  brilliant  lustre  on  the 
■Mpex  surface  of  the  melted  ma^s  in  the  cupel,  which  is 
^^■rioned  by  the  removal  of  the  last  crust  of  litharge  that 
bvcred  the  silver.  The  French  introduce  water  through  a 
he  into  the  cupel,  to  cool  the  silver  rapidly,  and  prevent  its 
Inrdng  out,  which  it  does  when  the  refrigeration  is  gradual^ 
Mng  probably  to  its  tendency  to  crj-stallize.  In  England 
e  silver  is  lett  to  cool  in  the  cupel,  and  some  inconvenience 
caused  by  the  spirting,  which  might  be  avoided  by  the 
>rmer  mode. 
**  The  silver  thus  extracted  is  not  sufficiently  pure  ;  it  is 
n  refined  in  a  reverberatory-fumace,  being  placed  in  a 
[pel  lijied  with  bone  ashes,  and  exposed  to  greater  heat ; 
e  lead  which  has  escaped  oxydation  by  the  first  process^  is 
inverted  into  litliarge,  and  absorbed  by  the  ashes  of  tlie 
Siipel. 

«'  Tlie  last  portions  of  litharge  in  the  first  process  are  Jigain 
lefined  for  silver,  of  which  it  contains  a  part  which  was  driven 
with  it.  The  litharge  is  converted  into  leatl  again  by 
im:^ng  it  with  charco:il ;  part  is  sometimes  sold  for  pigment, 
converted  into  red-lead.  The  loss  of  lead  by  this  process 
iffer*  considerably,  according  to  the  quality  t>f  tlie  lead. 
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The  litharge  communly  abtoined  from  lliree  tons  of  leftd 

amounts  to  58  hundred  weight ;  but  wbr    ''  U  r   n^     :    iiiacd 

to  a  metallic  state,  it  seldom  contains  n  ini 

weight  of  lead,  the  loss  on  three  tons  bcui 

weight.     The  Dutch  are  said  to  extract  tii«  a 

same  quantity  of  lead  with  only  the  loss  of  six  huujbed 

weight." 

Hanng  explained  the  process  by  which  pig-lead  i»  ex- 
tracted iTom  the  ores,  it  now  remains  for  u&  to  show  the 
methods  by  which  pig-lead  is  manufactured  bito  sheet-lcad, 
or  into  the  tubes  called  lead-pipes. 

In  the  manufacture  of  sheet-lead,  the  ingots  or  pigs  are  pwl 
into  a  large   caldron  or   furnace  built  wiUi   frr  ! 

earth.     Near  this  furnace  is  the  table  or  mould  im        i 
»heet  i»  to  be  cast ;  it  is  niide  of  hirge  piece*  of  wooti,  well 
jointed,  and  bound  at  the  end^  with  barsi  of  'w^n    uiu]  h; 
a  ledge  or  border  of  wood,  about  two  or  three  i 
and  one  or  two  hij^h,  called  the  Jtharps,     Th 
usually  about  three  or  four  feet  wide,  and  froivi 
twenty  feet  long.     The  table  is  covered  with  very  tiuc 
which  is  prepared  for  the  casting  by  moUteniiig  it  with 
water,  working  it  together  with  a  sticl>,  beating  it  flat 
a  mallet,  and  smoothing  it  with  a  piece  of  bras*  or  wood, 

A  long  narrow  piece  of  wood,  with  notches  cut  in  each  tm 
so  ad  to  fit  the  ledges,  is  placed  over  tlie  table,  and  is  s< 
arranged,  that  the  space  between  it  and  the  Band  ahall 
proportionate  to  the  intended  thickness  of  the  plate.  'Vh{ 
workman  gradually  slides  the  strike  from  one  end  of  ihi 
table  to  the  other,  by  which  means  he  obtains  a  sheet  of 
requisite,  and  in  all  parts  of  equal,  thicHnesw. 

At  the  top  of  the  table  is  a  large  triangular  iron  peel  o 
fehovel,  with  its  fore  part  bearing  upon  the  edge  of  the  tsiblc, 
and  the  hinder  part  on  a  tressel,  somewhat  lower  than  Lhi 
table ;  the  dei^ign  of  which  is,  to  prevent  the  Iic|uid  iii< 
runinng  off  at  the  fore  side,  where  there  is  no  ledge, 
metal  being  suflBciently  fused,  is  t^dven  out  of  the  i\ 
caldron  with  a  large  iron  ladle,  and  is  put  itito  I  ho 
where  it  is  cleansed  of  its  impurities  by  upi;  h 

iron  ladle  pierced  like  a  scumraer.    The  ham 
now  raised,  which  causey  the  liquid  metal  lo  run   into  th^ 
mould,  while  the  workman,  with  the  strike,  r**"*!  '''« 
thickness.     When  the  sheet  is  of  th«  requirt  i 

^|he  handle  of  the  peel  is  lowered,  and  tlie  sheet  i 

)ol.     AVhen  set,  the  edges  on  both  sides  are  j 
'^flift  to  render  them  smooth  and  straight. 
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Tbe  vptlliod  abore  described  is  only"  used  In  cft&ting  lam 
of  lead  I  in  casting  sheets  of  smaller  dimensions^  tSa 
IT  nou]d«  Wiiich  is  placed  in  an  inclined  position,  is,  in 
ol  sand,  covered  with  a  piece  of  woollen  stufiT,  nmled 
at  both  endsy  and  orcr  that  is  placed  a  Tcry  fine  linen 

In  this  process  great  attention  must  be  paid  to  the  heat 
the  liquid  metal,  and  a  piece  of  paper  is  used  as  a  test } 
the  paper  take  fire,  the  lead  is  too  hot,  and  would  de- 
tbe  liueD ;  if  it  be  not  shrunk  and  scorched,  it  is  not 
Dcmgh. 

When  the  sheets  are  required  to  be  very  thin,  it  is  ncces- 

Y  to  m^ike  the  peel  and  strike  of  one  piece.     It  Is  a  kind 

wooden  box  without  a  bottom,  being  closed  only  on  three 

the  back  of  it  b  about  seven  or  eight  inches  high^  and 

two  sides,  like  two  acute  angles,  diminish  to  the  top ;  the 

of  the  middle  makes  that  of  the  strike,  which  again 

that  of  the  sheet  to  be  cast. 

atrike  is  so  placed,  that  the  highest  part  is  tovi'mrds 

lower,  and  the  two  sloping  sides  towards  the  upper  end 

the  table,     'fhe  top  part  of  the  table,  where  tlie  metal  is 

ired  in,  is  covered  with  a  pasteboard,  which  serves  as  a 

ittom  to  the  case,  and  prevents  the  linen  from  being  burnt 

rhile  the  metal  is  pouring  in. 

The  fltfikfi  or  peel  being  filled  with  lead,  according  to  Uie 

(tended  size  of  the  sheet,  two  men,  one  at  each  side,  seize 

of  it,  and  with  greater  or  less  velocity,  as  the  sheet  is  to 

or  less  thick,  force  it  down  the  inclined  table  ;  for 

sickness  of  the  sheet  always  depends  upon  the  velocity 

which  the  strike  slides  down  the  table.    The  sheet-lead, 

casting,  is  frequently  reduced  by  rollers. 

As  this  particular  department  is  so  intimately  connected 

ritli  the  business  of  a  plumber,  we  shall  not  be  considered 

departing  from  the  subject   by  inserting  the  following 

"rrim  Hiittons  Mensuration. 

jer*s  work  is  commonly  estimated  by  the  pound  or 

red  weight ;  but  the  weight  may  be  discovered  by  the 

ire  of  it,  in  the  manner  below  stated.     Sheet-lead  used 

roofing,  guttering,  &c,  is  commonly  between  seven  and 

rehe  pounds  weight  to  the  square  f(&ot ;  but  the  followm  j 

ible  shows  by  inspection  the  patticuLar  weight  of  a  squara 

for  each  of  sevend  thicknesses. 
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In  tins  table  the  thickness  is  set  down  in  tenths  n 
yredths,  &c.  of  an  inch  ;    and  the  annexed  corrcs^ 
numbers  are  the  weights  in  avoirdupois  pounds  and  thow- 
sondth  parts  of  a  pound.     So  the  weight  of  a  square  foot  of ^ 
T»ff  or  I'oV  of  an  inch  thick  is  5  pounds  and  tVA  of  o  pound 
and  the  weight  of  a  square  foot  to   one-ninth  of  tui  ~ 
thickness  i&    6   pounds  and  -M^  of  a  pound.     Lead 
of  an  incli  bore  is  commonly  13  or  14  pounds  to  the 
length* 

Examples: 

1.  How  much  weighs  the  lead  which  is  39  feet  6  inches  ioof»  mtAlU^ 
3  inches  broad,  at  H  lh«,  to  the  square  foot ! 
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1037000 
641875 


10911875 
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H 
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^.  Wliat  cost  the  covering  and  guUcring  of  a  roof  with  K 
cwt.;  the  tcnglh  of  the  roof  being  43  feet,  and  iho  bri^ai^th 
32  fie€t,  ihc  guttering  57  feet  long,  and  5  fet'l  wide  :  i  '>^ 

aad  the  latter  7,373  lbs.  to  the  square  foot  ?.^Ani*wcr,   l  :  §rf 

It  is  now  time  to  direct  our  attention  to  the  mantifnctiirej 
of  had  pipeSf  wliich  are  universaJlv  employed  for  dmatl 
water-pipes,  from  the  facility  of  bending  them  in  any  i&Be^j 
tion,  and  soldering  their  joints. 

Lead  pipes  are  sometimes  cast  in  an  Iron  mouldj  made  ia 
two  halves,  forming,  when  put  together^  a  hoUow  cylidoaft 
of  the  size  of  the  intended  pipe  ;  in  this  cylinder,  or  mouldf ' 
is  put  an  iron  rod  or  corej  ej^tcndbg  from  the  top  to  Une 


ad  feavxng  aU  vmtad  a  spttcc  betwoeci  it  muI  the 
of  tbe  iotended  ibiekness  oi  the  pipe.  Tbv  k»d  b 
IB  at  a  aponft,  Ibnited  by  two  currc!>|H>Ddiitg  aolches 
in  Mcfa  haH  uf  the  mould  ;  and  a  siotilM*  hole  U  made  at 
a&other  place  fbr  the  escape  of  air.  Th^  mould  is  (kstened 
domm  opon  a  bench,  upon  which,  at  one  end,  and  m  a  Hue 
with  its  centre,  is  a  rack,  moved  by  tooUie<l>wbceIa  aad 


I 


When  the  pipe  is  cast,  a  hook  at  the  end  of  the  rack  is  put 
into  an  eye  at  the  eud  of  the  iron  core,  which,  by  tlie  acuim 
of  tlie  cog-wheels  and  pinions,  is  drawn  so  fur  out,  that  about 
two  ioches  of  it  only  remain  iu  the  end  of  the  {lipe ;  the  two 
balrea  of  the  mould,  which  fasten  togetlier  by  wedgea  or 
screws,  are  now  separated  from  the  pipes,  and  are  fi»stened 
u|KKi  the  iron  core,  and  the  two  inches  uf  lead  pipe  attached 
to  it ;  melted  lead  is  aijain  povired  into  tlie  nioul<l»  whidi^ 
uniting  with  the  end  of  the  first  piece,  forms  the  pipe  fti  con* 
liderable  length ;  and  the  operation  ia  repeated  till  it  be  of 
tlie  length  required. 

Another  and  a  much  better  method  is,  to  caiit  tlie  lead  in  an 
iron  mould  upon  a  cylindrical  iron  pipe,  of  a  size  proportioued 
to  the  bore  of  the  pipe  to  be  made,  and  leaving  a  space  t>c« 
tween  the  core  and  the  mould  three  or  four  times  the  tliick- 
neaa  of  the  intended  pipe,  and  in  short  lengths,  which  are 
afterwards  drawn  through  holes  in  pieces  of  steel,  simih^  to 
the  process  of  wire-drawing,  till  Uie  pipe  is  reduced  to  Uie 
required  thickness. 

Another  method  is  that  for  which  tlie  eelebrated  iron* 
Qiftnufacturer,  Mr,  John  Wilkinson,  of  Brosely,  took  out  a 
pitent  in  1790,  and  which,  since  tlte  expiration  of  his  patent, 
has  been  successfully  practised  by  many  other  manufacturer*. 
'Hub  method  consists  in  casting  a  circular  piece  of  lead,  about 
eighteen  inches  long,  with  a  core  or  hole  longitudinally 
teough  its  centre.  This  piece  is  of  considerably  liirf(cr 
^inneter  than  that  of  the  pipe  intended  to  be  uHule.  The 
flsre  or  hole  at  one  extremity  suddenly  decreaaes,  so  i\m  to 
JiDrm  on  the  internal  surface  of  the  piece  of  lead  a  stop  or 
tiuulder,  against  which  a  polished  iron  triblet  or  maiKlreli 
wlticb  has  been  passed  thus  far  along  the  core,  remits,  Thii 
trihlet  or  mandrel  is  of  somewhat  greater  length  than  tho 
Icogtb  required  of  the  pipe  to  be  manufactured,  whicbi 
ttoierally  speaking,  is  from  seven  to  nine  feet.  An  iron  screw, 
whig  a  loop  at  the  opposite  end,  is  then  passed  down  the 
€tht^r  end  of  the  core,  and  is  screwed  hito  that  part  of  the 
maikdrcl  which  rcst^  ag^nst  the  shoulder.     In  ibis  s^tale 
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^rfth  the  circular  piece  of  lexul  fixed  haX  on  ie,  it 
'fJtfriS'aniiriiig-table. 

fw  A»iw«f*table  in  the  principle  of  ita  operation  rcMm- 

uJtljf  bJoct  described  in  the  Wire  Manufacture  in  every 

*j!Lrt,  though  it  is  far  more  powerftd.    The  table  gencraBf 

^2^about  thirty  feet  long,  by  two  feet  wide ;  having  ai 

^■B  <od  •  powerful  cylinder  with  a  chain  attached  to  iUi 

fTj^  crUoder  receives  motion  from  a  eteani-en^ne,  or  otbcrrl 

IjggI  iBOfej*,  and  can  be  thrown  in  and  out  of  geer  by  an  acblitr 

^llgn  4/  sny  one  of  the  appropriate  mades  described  ttiMCr 

^  «rtide  *'  Mill -gee  ring,"      About  two^thirds  Uic  length 

gf^  bench  from  the  cylinder,  or  roller^  are  two  pins  or  stop 

o  Md  a  steel  plate^  which  has  a  gradation  of  conical  faolOr 

^)iough  the  largest  of  these  boles,  which  is  somewbat/ 

1^  the  diameter  of  the  circular  piece  of  lead,  the  loop,' 

^  screwed  on  to  the  end  of  the  mandrel  is  passed,  and  att^ 

^  a  hook  at  the  extremity  of  the  chain,  which  chain  is  a^< 

to  the  cylinder  or  roller.     The  cylinder  being  now  U 

tato  geer,  the  piece  of  lead  is  drawn  through  the  hale 

itrel  plate,  which  diminishes  it  in  diameter,  and  increases 

10  length  ;  and  this  operation  is  carried  succesxively  throuj 

the  series  of  gradually  decreasing  holes  in  the  draw-pbiet 

until  Uie  pipe  is  reduced  to  the  required   diameter. 

cylinder  is  now  struck  out  of  geer,  and  the  mandrel  libti 

from  the  chain,  which  is  immediately  attached  to  the 

end  of  it.    The  steel  draw-plate  being  now  reniove<l, 

utops  against  which  it  rested  allow  the  mandrel  to  past 

tween  them,  but  detain  the  lead  pipe,  which,  oonscquentl] 

strikinp;  the  cylinder  into  geer,  allows  the  mandrd  to 
extricated  from  it.     A  small  portion  of  pipe  being  cut  off 

ends,  the  pipe  is  considered  finished.  Througlfe  ibe 
^  whole  of  the  operation,  great  care  is  taken  to  keep  the 
mandrel  and  steel  plate  well  oiled. 

As  no  acid  can  pass  throvigh  lead  pipe  without  beooming 
more  or  less  affected  by  its  deleterious  quullties,  it  m  nerc«* 
sary  in  cases  where  acids  are  used,  to  have  p 
iron,  or  of  lead  lined  mth  tin.  To  line  lead  pi 
the  lead  pipe  must  be  cast  in  a  vertical  mould,  n*liicli  haJ 
a  core  of  somewhat  larger  diameter  than  the  intended  bore  of 
the  pipe  passing  down  its  centre.  When  the  pipe  is  cait, 
and  the  metal  is  set,  this  mandrel  is  drawn  out  of  tbc  mould, 
and  another  of  smaller  diameter  is  substituted.  About  wM 
much  coarse  resm  as  will  lay  on  a  shilling  is  now  throum  into 
tbe  space  bett^een  the  pipe  and  the  core  or  raandrti  juii 
passed  down  the  mould.    This  ro&in  by  tlie  beat  of  the  lead 
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imit\  runs  to  the  bottom  of  the  mould.  Ited 

^  bow  poured  in,  the  resin  will  float  on  ii^  ^^Miice, 
con8ci|«erjtly,  as  the  tin  rises,  nnoint  the  tin  m  every 
^  and  act  as  a  flux,  and  unite  the  two  vessels^.  A«  soon 
Fthc  tin  h  set,  the  lust-mentioned  mandrel  is  drann  out, 
^\c  external  mould  being  pemoved,  the  lend  now  lined 
S  Is,  Hhcn  quite  cold,  ready  to  be  subnnttcd  to  the 
of  drauing.  Various  other  equally  simple  processem 
\  Mbfted  to  thiti  purpose. 


PAPER  MAXUFACTURE. 


>P£R)  thut  highly  valuable  substance,  which  enables  us 

tunicate  our  thoughts  to  persons  situate  at  the  most 

quarters  of  the  civilized  globe,  is  manufactured  from 

>y  tlie  aid  of  machinery, 

traa   formerly  necessary  to  assort  with  great  care  the 

which  were  intinded  to  be  manufactured   iuto  paper; 

Done  but  tlie  whitest  and  best,  and  which,  consequently, 

the  most  expensive,  could  be  made  into  paper  of  the 

quidity ;  hut  since  the  introduction  of  chlorine  (which 

discovered  by  Scheele)  into  our  bleaching  establishments^ 

rsslt)-  of  this  assortment  has  been  greatly  obviated ; 

soon  conceived  that  that  chemicid  agency,  which 

Kible  of  bleaching  linen,  was  also  applicable  to  the 

iig  of  the  rag  during  the  process  of  paper-making. 

period  of  the  process,  when  the  rag  is  coming  into 

of  pulpi  chlorate  of  lime,  which  was  first  manufactured 

Tenuant,  of  Glasgow,  is  introduced  into  the  vat;  and, 

lemical  action  on  the  fibre,  whitens  or  bleaches  the 

lass  ;  thus  enabling  the  manufacturer  to  produce  a 

and  much  finer  quality  of  paper  from  rags  of  a  se- 

quality,  than  he  had  heretofore  done  from  rags  of 

it  expensive  description.     It  must,  however,  be  ad- 

that,  a^  in  all  bleaching  processes  where  the  fibre  is 

or  less  deteriorated  by  the  action  of  chlorine,  the  paper 

'  and  whitened  by  this  agent  is  not  so  strong  as 

;  produced  ;  as  may  be  observed  in  some  thick 

iuu^'  white  papers  frequently  oflfercd  to  the  public 
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•t  artonlahiDg  low  prices,  which  arc  manufactured  firoui 
ooloiured  and  inferior  rags,  with  a  superabundance  of  the 
chlorate  of  lime  introduced  in  the  process  of  the  manufacture. 
By  this,  therefore,  it  is  evident  that  the  chlorate  of  lime, 
when  used  too  abundantly,  will  rot  or  destroy  the  fibre  of  the 
whole ;  but  vrbea  judiciously  applied,  it  produces  a  paper  of 
superior  colour,  and  of  adequate  strength  for  all  pmctical 
purposes. 

llie  paper-mill  consists  of  a  water-wheel,  or  other  first 
mover,  connected  with  a  combination  of  toothed  and  other 
wheels,  so  arranged  as  to  cause  the  cylinder  in  the  washer^ 
and  the  one  in  the  ^eafinf' engine,  which  will  be  hereafter 
described,  to  make  from  120  to  150  revolutions  per  minute^ 
On  the  same  shaft,  and  of  the  same  size  as  the  water-wheel, 
u  a  toothed  or  cogged  wheel,  which  plays  in  a  pinion ;  the 
spindle  of  this  pinion  is  furnished  with  a  crank,  which,  by 
means  of  a  connecting  rod,  gives  a  reciprocating  motion  to  a 
lever,  for  the  purpose  of  working  two  pumps,  which  raise 
a  constant  stream  of  water  from  the  mill-dam.  This  stream 
of  water  is  kept  running  through  the  rags  in  the  washing- 
engine,  to  carry  away  the  dirt  separated  from  them  by  the 
operation.  The  structure  of  an  en^ne  is  more  minutely 
explained  by  figs.  371>  372,  373,  374,  &c. ;  fig.  371  bdnf 
a  section  through  the  length  of  the  engines,  and  fig,  372 
a  horizontal  plan. 

Hie  lar^e  vat  or  cistern,  A  A,  is  of  an  oblong  flgnre  on  the  oatfidc,  the 
angles  being  cut  off;  but  the  inside,  which  is  lined  with  lead,  has  atraight 
•ides  and  circular  ends.  It  is  divided  by  a  partition,  B  B,  alio  corered 
with  lead.  The  cylinder  C  is  fixed  fast  upon  the  spindle  D,  which  extends 
across  the  engine,  and  is  put  in  motion,  as  before  described,  by  the  pinion  £, 
placed  on  tlie  extremity  ot  it.  The  cvlinder  is  made  of  wood,  and  rernished 
with  a  number  of  teeth,  or  cutters,  nxed  fast  on  its  circumference,  parallel 
to  the  axis,  and  projecting  about  an  inch,  as  is  shown  on  a  lamer  leale  at 
fig.  375. 

Ininiediately  beneath  the  cylinder,  a  block  of  wood,  H,  is  plaoed,  and 
provided  with  similar  cutters  to  those  of  the  cylinder,  wliich,  when  thej 
revolve,  pass  very  near  the  teeth  of  tlie  block,  but  do  not  toudi ;  the  dis- 
tance between  them  being  capable  of  regulation,  by  elevating  ot  dnpiriiii^ 
the  bearings  on  which  the  necks  D,  D,  of  the  spindle  are  supported.  Tlicie 
bearings  are  made  on  two  levers,  F,  F,  which  have  tenons  at  their  odi, 
fitted  into  upright  mortises,  made  in  short  beams,  G,  G,  bolted  to  the  sides 
of  the  engine.  (See  also  fig.  373.)  The  levers,  F,  F,  are  movable  at  one 
end  of  each,  the  other  ends  being  fitted  to  rise  and  ^1  on  bolts,  in  the 
beams  G,  as  centres. 

The  front  one  of  tliese  levers,  or  that  nearest  to  tlie  c}*linder  C,  is  capable 
of  being  elevated  or  depressed,  by  turning  the  handle  of  the  screw  1. 
which,  as  shown  in  fig.  373,  acts  in  a  nut  a,  fixed  to  the  tenon  of  Fj  and 
comes  up  through  the  top  of  the  beam  G,  upon  which  tha  boRl  of  Ilie 
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brmssef 


i "  H.  The 
r,  uad  cuu&£  ii  u>  cut  finer  or 
:e  between  the  ct)tt«rs  in  the 


aad  fbfm  the  beann^sfor  the  *p\^ 
iirrv,  fr,  w  used  to  niise  or  1< 
CMner,  by  en  I  tuning  or  dim  : 
block.  Mid  those  of  tbe  cylinder, 

Kmt  K,  Bgs.  3TI  mid  dT2»  ii  a  ciroulir  bTtrasttng  made  of  boards,  and 
09fttvd  with  Eheet-lcfld  i  it  in  curved  to  At  ilt«  cylindej-  very  tiuly*  vud 
liBve*  bttt  v»?rj  little  space  between  the  teeth  and  breaslinK.  An  iociiued 
pluie,  K,  leads  regularly  from  the  bottom  of  the  engine-vat  to  the  1^  of 
liuit  Ureostini^ ;  and  at  the  bollom  of  it  the  block,  H,,  is  fiyed. 

Tb^  ent;tne  is  supplied  with  wat«T  In  n  nipi?.  Q,  bnn«iny  it  from  the 
fWap;  tins  pipe  delirers  it  into  asm.i'  M,  ndjoiniug,  and  c4iii» 

mntaiting  with  the  engine.    Tlie  pipe  t  ,  P,  to  At*tp  the  entranM 

tf  the  w«t#^r,  %vhen  required,  or  to  regulate  Lite  *iuaiitity  oi  its  dixcbar^. 
IW  finall  cintem  has  a  grating  fixed  a<rross  it,  covered  with  a  hair-9traiu«r, 
••  <  extraneous  matter  which  may  come  in  with  the  waT©r»  or  a 

bt  -  iomeiinifs  tied  nver  the   orifice  of  the  cock,   P,    through 

•t  water  must  be  filtered.     When  the  engine  is  filled  with  water, 

•dm  ry  of  rags  |Wt  in,  they  are,  by  the  revolution  of  the  cylinder, 

dfvv,,.  ;„.,.^^i^a  its  cutters  and  the  teelh  of  the  block  11.  This  cuta  ibeoi 
Ib  piecea,  lben»  by  the  rapid  motion  of  the  cylinder,  the  ragis  and  water  art 
ttjrown  ovPT  the  top  of  the  breasting:,  upon  the  inclined  plane;  in  a  abort 
es  more  rags  and  water  into  that  part  of  the  engin^'Tat;  and 
to  restore  the  equilibrium  ])ut5  the  whole  contents  of  the  vat 
<ti  *l«w  motion^  down  the  inclined  plane  K,  and  round  the  partition  BB^ 
by  which  they  come  to  the  cylinder  a^ajn  in  about  the  space  of  20  minutes; 
90  tfaos  the  rags  are  repeate^y  cut  and  chopped  in  eirery  direction,  till  ihey 
W  fedticcd  to  a  pulp, 

T*  lation  is  of  advantage,  in  turning  the  rags  orer  in  (he  engine, 

aad  in  to  present  themselves  to  the  cutters  in  a  different  direction 

etery  umv ;  iur  as  the  cylinder  cuts  or  clips  in  straight  lines,  in  the  anno 
maimer  as  a  pair  of  ihears,  it  n  requisite  to  cut  the  rags  across  in  diilbraiit 
ditiflUom,  to  reduce  them  to  a  pulp, 
Iba  toanner  of  the  cutting  is  this :  the  teeth  of  the  block  are  plactxi 
tr  inclihtd  to  the  axis  of  the  cylinder,  as  shown  by  fig.  374,  but  the 
^  luider  are  parallel  to  its  axis  ;  therefore,  tlie  cutting  edges, 
-et,  are  at  a  small  angle,  and  come  m  contact  first  at  one 
^'ihen  successively  the  contacts  proceed  along  to  the  other  end,  so 
rags  interspersed  between  them  are  cut  in  the  same  manner  as 
woald  be  between  the  blades  of  a  pair  of  phears.  Sometimesi  the 
lor  oatteti,  kt  io  the  block,  are  bent  to  an  angle  in  the  middle,  instead 
qI  bemg  straisrht,  and  inclined  to  the  cylinder;  in  thb  case,  they  are 
aHai  filKiw  plates,  and  of  course  the  two  ends  are  both  inclined  to  the 
axis  oif  the  eyHnder  tn  opposite  directions.  In  either  case,  the  edges  of 
like  plate  of  the  block  caauot  he  straight  lines,  but  must  be  curved,  to 
adapt  themKlfes  to  the  carve  which  a  line  traced  on  the  cylinder  will  of 
caana^ire. 

n»  pbtes  or  cutteni  of  the  block  are  united,  by  screwing  them  aUogether, 
and  flttif»u  them  into  a  cavitv  cut  out  in  the  wooden  block  H  j  their  ^pa 
mm  be»rUed  away  on  one  »i<ie  onlv;  as  shown  at  k  in  the  section,  fig.  374. 
thm  block  i»  tx&i  in  itx  place  by  being  made  dove-iailed^  and  truly  fitted 
^i^g,^  1^^  ^MXtnm  f*f  the  cistern,  ^o  lluii  ihe  water  will  not  leak  by  it.     The 

'    "       '    si,  and  Ytrojects  a  woali 

iceby  a  wedge^  wiliiat 

wifnarAwj^ng  uus  wtogp,  ine  uikk*.  injcwiijici  jvust,  aiid  can  be  reiooTed, 
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to  aliarpeii  the  cutters,  as  occasion  requires.    This  is  done  on  a  grindstob^ 
i4beplate$  being  first  sepaiuied  from  each  other. 

liic  cutters  of  die  cylinder  are  fixed  into  grooves,  cut  in  ilie  wood  of 
cylinder,  at  equal  distance's  from  each  other  round  ils  circumference,  in 
direction  parallel  to  ttii  axis ;  the  number  of  these  grooves  is  twenty 
fi>r  the  trasher,  each  cptKive  has  two  cutters  or  bars  put  into  it ;  then  a  filU 
of  wood  is  driven  fast  in  between  them,  to  hoM  them  firm  ;  and  the  Alleitl 
are  kept  fast  by  spikes  driven  into  the  solid  wood  of  the  cylinder.    Thtl 
beater  is  made  in  the  same  manner,  except  tliat  each  groove  contains  threti| 
bars  and  two  fillets,  as  shown  in  fig.  375. 

In  the  operalioQ  of  the  cylinder,  it  is  necessary  that  it  should  be  enclose 
in  &  case,  or  its  great  velocity  would  throw  ail  the  water  and  rags  out  of 
engine.     The  case  is  a  wooden  box,  L  L,  eticlosed  on  all  sides  except 
bottom ;  one  side  of  it  resL^s  upon  the  edt;e  of  the  vat,  and  the  other  \i\ 
the  edge  of  tlie  partition  B  B.     The  lines,  c  c ,  reBresent  the  edges  of  woodf 
frames,  which  are  covered  with  hair  or  wire-clolh  ;  and  immediately  behu 
these,  the  box  is  made  with  a  bottom,  and  a  ledge  towards  the  cylindf 
which  makes  a  complete  trouglt. 

Tlie  dark  spaces,  i;  c,  in  hg,  371,  show  the  situation  of  two  openings, 
spouts,  through  the  side  of  the  case,  which  lead  to  flat  lead-pipes,  i, 
fig.  372,  which  are  placed  by  the  side  of  the  vat ;  the  beam,  F,  being 
away  for  them.  Tliere  are  waste  pipes,  to  convey  away  the  foul  water 
the  engine;  for  the  cylinder,  as  it  turns,  throws  a  great  quantity  of 
and  lags  against  the  sieves  ;  the  water  goes  through  them,  and  runs  d( 
into  tlie  trough  at  e  e,  and  from  tlience  into  the  ends  of  the  lead  pipes,  A, 
fig*  372,  by  which  it  is  conveyed  away ;  d,df  fig.  371,  are  grooves  foe  li 
boards,  which,  when  put  down  in  then  places,  cov&r  the  hair-sieves,,  ai 
stop  the  water  fiom  going  through  them,  if  it  Is  required  to  retam  the  wati 
in  the  engine,  lliis  is  always  the  case  in  the  beatingnengines,  and  tlierefuf 
tJiey  are  seldom  provided  with  tliese  waj^te-pipes,  or  at  most  on  one  sid^ 
only  ;  the  other  side  of  the  cover  being  curved,  to  conform  to  the  cylmderj 
Bxcept  this,  the  only  difl'erence  between  the  washing^engine  and  tlie  beat€ 
is  that  the  teeth  of  the  latter  are  finer,  having  €0  instead  of  40  ban  on  it 
circumference ;  and  it  revolves  quicker  than  me  washer,  so  tl»al  it  will  ct 
and  divide  those  particles  which  pass  tlirough  the  teeth  of  the  washer. 

The  rags  being  now  redaced  to  a  state  of  pnlp,  we  shall  h 
itlie  next  pl»ce  proceed  to  show  the  method  of  forming  it  into 
sheets  of  paper. 

It  was  formerly  the  custom  to  allow  a  small,  but  sufficiei 
portion  of  the  pulp  to  flow  on  a  sieve  furnished  m  ith  twt 
handles^  which  sieve  was  agitated  by  a  workman  until 
pulp  had  subsided  or  settled  regularly  throughout  the  surface 
This,  when  it  had  passed  through  the  usual  procefises 
pressing,  dr}'ing,  &c.  constituted  a  sheet  of  paper;  and 
texture  was  indicated  by  the  fineness  of  the  quality  of  1 
wire  out  of  which  the  sieve  was  constructed. 

This  unmcchanical  and  desultory  mode  of  operation  has 
been  obviated  by  improvements  effected  by  many  ingenious 
persons  ;  but  the  machines  which  are  now  ahnost  universalll' 
:Ciiipluyed,  and  which  have  most  decidedly  superseded 
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attempts  at  the  eame  object,  waa  the  invention  of  the 
irs.  Fourdrinier*  The  action  and  arrangement  of  thia 
ingeniouft  piece  of  Diechanism  consists  in  having  a  horizontal 
Iraine,  of  any  required  length,  famished  with  a  roller  or 
Under  at  each  end,  over  which  is  stretched  an  endless  wel> 
s  v*ire,  of  the  retjuisite  texture  or  Bnencss  for  the 
r  about  to  be  manufactured.  At  one  end  of  the  frame, 
lel  with,  and  immediately  over,  one  of  the  cylinders,  is  a 
anguhir  trough,  into  which  the  pulp  i3  received,  whence 
It  fsjiues  throujafh  a  long  slit  or  opening,  M^hich  is  regulated  by 
a  screw,  and  falls  on  the  surface  of  the  web  beneatii.  At  thiH 
period  of  the  process,  the  cylinders  are  set  in  motion,  and 
the  web  proceeds  slowly  forward  with  a  tremulous  uiotionj 
which  arranges  and  di^sperses  the  pulp  regularly  over  the 
whole  surface  of  the  web.  This  tremulous  motion  is  im- 
parted to  the  whole  of  the  machinery  by  an  eccentric  move- 
taenU 

As  soon  as  the  paper  arrives  in  this  crude  and  wet  state  at 
the  extremity  of  the  web  of  the  further  cylinder,  it  is  wiped 
ftnd  taken  up  by  a  larger  cylinder,  covered  with  felt  or  flannel, 
tnd  is  passed  between  a  series  of  similar  cylinders,  and  fmally 
delivered  to  a  reel,  and  wound  off  in  a  coil  or  hank  so  long  as 
ilie  operation  proceeds.  Thus,  paper,  by  the  action  of  this 
ingenious  machine,  may  be  manufactured  to  an  unlimited 
length,  und  of  any  width  that  is  compatible  with  the  manu- 
fecturc  of  wire  web.  The  reel  or  winder  being  now  with- 
drawn, the  coil  of  paper  is  cut  on  both  sides,  forming  sheets 
of  the  length  and  breadth  of  the  machine  and  reel  on  which  it 
b  wound. 

The  arrangement  of  the  different  speeds  of  the  varioua 
ylindcrs  for  moving  the  web,  and  afterwards  pressing  the 
apcr,  together  with  the  action  of  the  reel,  and  the  tremulous 
D  that  is  imparted  to  the  whole  of  the  machinery  by  the 
ric  or  wiper,  as  also  the  regular  i*upply  of  the  pulp  for 
the  rarious  qualities  of  the  paper  to  be  manufactured,  form  a 
Hiost  elegant  combination  of  ingenuity  and  mcchanicaJ  know- 
ledge ;  and  it  is  only  to  be  lamented  that  tlic  inventors  and 
finit  proprietors,  of  this  great  source  of  national  industry, 
ihmild  not  have  obtiiined  a  reward  adequate  to  the  benefit 
which  they  have  conferred  on  their  country. 

The  quantity  of  water  which  a  paper-mill  can  command  to 
it*  engines,  generally  limits  the  extent  of  its  trade ; 
the  manufacturers  should  attend  to  every  improvement 
machinery  which  can  increase  their  efiTect. 
2b 


f  paper  is  wantod, 
bu  t  ^vut|$  been  mi»ed  ttp  lu  >  >  ce^  the  ctrruUr 

cr  is  thrown  across,  and  ft»  the  <  li  .  groova  abmit  th« 

Kvith  pan  *»f  nn  tnch,  th«  paper  iwhich  is  lyinp:  upon  il  is  cut  thmufrh, 
jii^  the  eftds  Jkll  dowr  u^von  the  t»»»»|»  Iwlow  tn«  tcnsfs;  b«im  thm  lorrf^d 
'  ttt  ihe  saiT  iicd  by  the  lodj,  the  otlier  end  t 

L  nl»n  iln  vllf?r  A  then  foils  dowii  upon  i  ';» 

1 1  f|i.  r    vm  with  th^  line  formed  hy  Ue  und 
/    >    .    MM  by  the  Icines,     TtiO  rods  n  by 

lU«i  lurit^  iH  niiiVfd  I  r   '  -    -  '     —  ^  '" '      ^ :n«i 

ixed  iit  ,iuy  part  of  '  c 

'   !'ins  yn  m,  at  ll»o  f-|  r , 

••■  »l»e  rod,  aiitl  *  'It 

»:  clinck  has  ma;  '^k 

;  by  the  iiar  n,  and  die  rod  and  frame  remrvin  stationary  while 
t^  itit      When  the  pin  "hva  gut  clear  of  the  hook,  the  rod  and 
ly  dtatrzi  back  by  a>(%itrht  acting  over  a  pullej',  which 
<    rofi  hy  »hp  cord  n.     The  circidar  knife  is  finnd  in  a 
'  ;t,  by  means  of  which  it  nn  f? 

v:  at  tlie  rate  of  about  hve  1 1  n 

^r  '  !*■>  <u  :i  iTtiia  ymssing  romnil  "'  '1  riggev  r,  rum  tue 

P0i*  kept  m  motion  by  any  cotJ^  vrr,     Tliewagjjon 

P*"*^  ..^  .05.3  at  the  proper  period  by  d,..  .  • '  mr^ii,,.i  or  any 

ventent.     A  cord  is  attached  to  the  uver  u 

weight  at  ihe  end,  siifticient  to  draw  w  -ly  with 

uotion:  for  drawing  it  across  the  other  way  a  cord  is  attached  to 
n»  which  is  carried  otct  a  pulley,  and  fastened  to  iJie  weight  A, 
<>79,  whi^h  is  mtich  heavier  than  the  weight  b^^fore  mentioned.    Tl^e 
band  B  pas.ses  round  the  rigger  D,  which  t*   kept  in   constant 
lion,  according:  lo  the  rate  at  which  the  paper  is  rut.    The  bttod 
round  the  riggier  C,  which  hai*  a  cHck  that  stops  it  goinar  round  ; 
'  rtgger  goes  on,  it  keeps  winding  up  tlie  %v.     '  '    \     nj 
Iff  ii^TOwed  by  ihe  smaller  weight  E,  so  that  \%  k 

Jiili  —  Dis  removed,  the  weight  A  descends  ii.,.,  uia*^>  it 

a  ■  on.  when  it  is  again  caught  by  the  dick,  at  the 

i«i!'     -.J     .1  .^.-.  .1  draws  the  wagffon  acros*,  and  il  is  caught  on  that 
iranie  and  conhocd  by  a  click  ;  when  ihe  next  sheet  is  to  be  cut  the 
>5  released,  and  the  weight  attached  to  it  on  the  other  side  draws  it 
a^aia,  the  heavier  weight  A  being  by  that  time  drawn  up  high  enough 
%1|0W  of  its  going  all  across; the  two  clicks  may  be  contrived  according 
miiy  common  weil-known   mechanical    method,  and   the  motion   that 
them  can  be  communicated  with  the  most  advantage  from  the 
the  pins  w  in  can  be  h  Wi  distance 

QCfttre,  according  to  >  be  rut,  and 

._  .L_  ...1   ■  -  Tiai  be  sniin.li  .iccjiniigiv.     n  nmuLf  moiioti  may 
my  couTenienl  power,  and  at  such  a  role  ns  it  is 


tifnpMgy  must  be  hkc 


drawings  U  for  the  purpose  'i# 

liinti.tiiij'si'.iine  of  certain  Tn.tchi  ry 

.   metHiod.      For  ihu  purpose,  si 

>   fnllowiog  fe<^ui*ttf^  \  In  f^f^  ftrtl 

:  secondly,  be 

.rc»  comiau,  .              i\t 

2h2 
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V  ;  ^    '  •?  passage  of 

'  be  so  con  t  r 

ily,  it  mus 
n't   of  its  s  , 


rJk6 


>n  beartt>ci,ioi 
the  mnnervuli 


111  Tit  widths,  in  ot 

p    _  I  i  uicoVCTFdl,   pro\ 

cylimkt  IS  extendiHi  lor  making  dtHerttiil  aiaed  j 
h«n|if  upon  an  iixis  ^)  a  horiionUl  posiliou,  smtl  li, 
ihat  li  may  be  turned  by  any  convciiieirt  power ,  iixthlv. 
•mall  jiperlTjrt»  on  thi*  external  surface  thusI  open  inlo  a  lc^*»  number  Hfj 
lar^y  <:>nt*»,  *  .img  with  the  inteTnal  siirf.ice,  with  solid  intei 

brtWfcn  tit  ^ily,  it  ought  not  to  b<?  made  of  wood   bwvti 

iVrcaild  be  ii.-Mt-  i..  ^^.np^  nor  of  iron  because  it  would  ?•■  •     ■•■■'     • 
ipcr ;   brass  or  liny  other  strong  metnl  would  be  foi 

lO    Constm*  '     :i     rvlintUff    pOSSCKSJng     till      M  nt:i<^)lPS     .' 

Which  the  must  be  accot  •    size  and  » 

l[>*perit  iai'  ■  making^,  the  pa^  s  -abniL<i»C}i 

smooth  in^uiti  (umi  uutjiide,  excepting  a  sut.tU  )M>ruou  s»t  each  et^d 
U'ft  plmin,  nnd  turns  the  outside  bo  as  to  re-setnble  a  5rre%v,  the  thi 
ss  ihoiit  n  quarter  of  an  inch  apart,  and  the  twentv 

1 1  l>,  vf  ith  a  round  edee.     He  then  drills  holes  belv 

n  taper  form,  the  diameter  jit  top  being  tl 
y  1   the  threads,  and  at  the  bottom  re«l»ced  ' 

.,   w.  .   ..,..*r-  — ^'-rfy  of  thc  ryli"^''  "    '  ■'" 

athofihi? 

1  ..,:... ^  ;U  CrrK'*  'A  III 

,  -o  thiit  whon  tl 
^  tied  doMfO,  the  sm 

bit  tjctwotk,  with  opc«ings  of  wi  oblong  shape,  and  havi 
•if  all  iho  intersilicea  plane  with  esicti  other,  and  wound  to  ■< 
it  u  then  covered  with  nn  endle*s  web  of  woven  wire,  which  t*  druwi 
ov<?r  It.     T\\4>  pndu  of  thf»  cylind*»r  are  cut  down,  or  rabbeted.  «o  tlinti 
"       '  "  '   '  '        '       1 1  the  ends  of  the  win 


1    nil.    1  m  V  ■> 

are  tiUo 
it  from  th* 


h  are  put  over  the 

■  •  which  pa-     ■ 
rrews  for  ii 

Aiie  being  fwu. ... 


by  that  means  strttched  and  drnwit  light  down  tipoa  the  tv&ce  of 
oylicMief. 

In  the  ftnnc^od  dr^iwinj:,  fig.  380.  a  to  *  represents  n  tnuurene 
«f  A  ais^cmcnt  of  the  cylinder  C  C  C^  being  the  hoks ;  ddd,  Xhe  crea 
}tr0^  iW  ihreiid  of  the  screw,  which  is  frhoded. 

Fi«,  381  i*  a  nlan  of  a  poition  *>f  thp  eTlernul  furface  of  the  eyCl 
wherein  A  to  li  shows  it  witln  ^ss  wire^  or  the  exlem&l  i 

wire;  CCC  .tr«  the  holes,  tee  '  of  the  screw  with  iti»  not 

f-T  •     ft,r  the  Pf'n  ,s>v  wires:  T       '      ^ 

let  in,  rf  dcr»?d  or 


» 


reads  eee:  ihi 
ittied  under  iIt' 


ai.u««i,  l>y  n*4ft4ti*  ol  •  «M««b«t  «f  MiHnr*»  A,  down  itpott  i! 
•lwiU«i,  nod  aAftr  U  it  fiactd  i«  iliMi  aWDBCt  aft  mA  eod  c 
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I  maf  be  extended  from  the  c^liuder  by  means  of  the  larger  screws 
fl^  ami  the  wire  thereby  strainud  down  tight  upun  the  surface  oi"  ihe  cvUndur ; 
M»  part  of  the  mechanism  is  also  repr^&euted  in  Uie  plan,  fi^.  3B) ,  v/Ugtv  the 
lUlereiit  pan-*  are  marked  in  the  same  manner,  except  that  Uie  woven  wire 
ift  drawn  in  black. 

Fif .  383  is  a  repreaenlation  of  a  connected  web  of  laid  wire,  which  may 
le  laid  over  the  cylinder  e?cactly  in  the  same  mnnner  as  tlie  wore  wire, 
ibiwrring  that  the  laid  wires  should  be  parallel  with  ilie  axis,  and  the 
lyin^  wires  <<»c  at  right  angles  with  it,  observing  that  the  laid  wires  mwst 
bn  very  liue^laced  very  near  together,  and  drawn  as  tight  as  possible  at 
ids.  Ibe  reason  of  laying  the  cross  yr'tteiddd  diiigunnlly,  iv  prin* 
m  o»der  that  they  may  not  be  parallel  with  the  laid  wires,  in  which 
y  would  impede  the  passage  of  the  water  ;  for  this  reason  tiiey  oii^ht 
at  an  angle  as  Dear  45  de^ree5  as  may  be  convenient;  buf  tf  the 
cr  is  intended  only  for  the  majiulacture  of  wove  papers,  the  cross 
may  he  pamUel  wirh  the  axis,  the  holes  ranged  in  rows  aliio  parallel 
the  axis,  and  the  thieads  uf  the  screw  converted  into  small  bead*, 
are  other  modes  of  constructing  a  cylinder  possessing  the  necessary 
itrs,  but  tlie  puteotee  thought  it  «xpedienl  only  to  describe  tliat 
li«  considers  easiest  of  construction,  most  durable,  and  most  eliica' 
m  a«e.  He  also  proposes  connecting  the  rings  mentioned  as  the 
,  as  being  necessary  for  covering  part  of  the  surface  of  the 
Cited  as  above  at  the  ends  with  krms,  so  as  to  form  caps  thtit 
11  to  the  end  of  the  cylinder,  and  each  being  furiiish<;^d  with 
then  be  fixed  in  bearings  for  the  purpose  of  being  turned  by 
I  power. 

It  outline  section,  representing  it  in  that  {situation,  with  a  vessel 

._,-,.  .  ..,  wbich4s  called  aback  ;  the  Aides  or  cheeks  of  which  are  curved, 

♦O  »  to  corrvspond  ^silJi  liie  rinu;5  or  surface  of  the  caps ;  and  the  bottom, 

aitthie  poittt  r^  is  made  to  close  in  upon  the  surface  of  (he  cylinder,  so  tliat 

lievearl  on  all  sides  fits  the  cylinder  in  such  manner,  that,  if  fixed  against 

%  vrr^  fitled  with  any  fluid,  t5ie  fluid  would  have  no  means  whatev*>r  of 

except  by  nmning  through  the  surface  uf  the  cylinder,  and  out  at 

.  the  exact  shape  of  this  vessel  is  not  material.     He  next  takes  a 

HMt  "?hj  or  receiver,  closed  up  at  the  ends,  and  made  so  that  the 

^^Kf  :  1  the  inside  of  the  cylinder,  and  of  such  a  depth  that  the 

^^■kovn  may  be  about  kvel  with  tlie  centre  of  the  cylinder*  so  that  this 

^Hfc  fixed,  and  the  cylinder  turned  ruuiid,  ev*?fy  part  of  the  upptjr  edge 

Pl^^^  Uf..  ..,..t  iv>,>  inside  of  t1"^  <-  'i'-I't,  which  w^  ^'  '  *.  >,^  ri.r.,  w.,fj  rnu^t 

W  |ier4t<  In  fig.  i  is  shown  >  .ichhas 

4«arfftcv        -  .     :J,  at  the  bt         .       iked  »«.    It     ^  ;i,  that 

«t  the  pointi  nn  it  comes  in  contact  with  the  internal  suHace  of  tho 

nrlindrr. 

I  in  ouirme  vertic^d  section,  wherein  the  trough  is  represented 

ftt*  rrfp  of  ihe  cylinder,  and  coloured  blue,  with  the  oribce  m  and 

IT  with  it  n.  It  is  to  be  observed*  that  this  trough  is 
I  ris  ot"  a  phitnraer  bh»ck  o  o,  which  has  the  top  coupling 
;ind  the  irou^:h  in  supported  at  the  other  r     '  '  ,i>a 

which  works  in  a  hole  in  the  cap  a,    'Jli-  f^f 

»M-,  hii-s  a  lioU'  '■    •'      ■     ^  ''   ,  titti'd  to  the  okii-ii-.   ,-■  iiie 
!e  of  ihc  cyhuder.     The  axis 
IV  vi!p|K)rted  in  a  bearing, 
.  motion  may  be  com- 
lubs  against  the  upper 
«i|ie  of  the  trough,  wlitch  will  remain  tixed,  tnd  receive  ^y  ftuid  \Wx 


ftlKim  tlirouch  ilie  ufiper  part  ol  ih«  suHiioe  <»r  iJm  cyltnlei^  aad 
e^iliriii! .1,  iIl*.  tirgHux  m  in  the  same  »ectioii.    The  ^riiidtr  4« 
) '  rc(J«  and  tfaft  porta  which  a&sweia  to  the  xiags  ue  abadad* 

:  atit  riew  of  om  of  the  cap6. 

Fik%  367  IS  tt  s*'ciioiutl  elevation  of  the  ttuuhmerff  in  a, date  of  pfapv^ 
iioD  for  the  manulacture  of  paptu-. 

Fig.  308  u  a  piati  of  llie  saioe.  Each  piirt  in  the  elev«i3t)o«  fig,  38r«il 
on  aUnii  wiih  ihe  s;une  pan  in  the  plan^  fig.  a»8;  and  »venr  part  ia  imtrktd 
•rjth  liie  s.iii  II  \joih,     A  js  a  arc  i'  "    '  i 

stuff  is  adni  '"'n.'  cngme.     B  is  an 

of  arms,  ctM  ■'  ndlp  C,  ^ln 

inthfct-'ntr  l>eiriv;tur)M 

riRg*!rs  F  F,  giv.. 

which  is  for  ihf  i      , 

iJooTeytn]  through  ih*i  pipe  H,  the  aperture  of  whjchis  i  ; 

by  means  of  »  conical  valve*  which  is  ncted  upon  hy 

Ilia  principle  of  a  WlUcock,  so  that  as  titc  vessel  f- 

closes  the  onfioe  ;  by  thiis  nuMUii  Hie  sluiT  m  \lu- 

kept  ftt  a  uniform  hej>cM»  And   the  head  being  uui! 

discharge  throujih  llie   pipe  J  at  the  boUom  will  br 

lart^t  chest  A  mtiy  be  yf  any  shape  or  dimensions, 

Convfnitnt  niiiimer;  iIh?  smaller  chest  G  oujjhl  to  l^- 

Id  ifu^hea  dianietei,  iind  tJie  same  dcptli,    Tho  luic  ui   ,. 

tmiform  disdiarge,  which  ^ould  not  lake  place  iftheBluif  w 

the  large  chesl  without  any  interniediaie  vessel,  Wcauae  it*  | 

Uie  pipe  vrould  be  moro  or  less  rapid,  according  to  the  lu-i. 

which  would  he  continually  varying  in  propoilion  to  the  < 

fwciunuktion  of  siutf.     In  ihe  pipe  J  there  is  acock  K,  by  n  <  i 

the  quanbty  of  stuff  that  ia  permitted  to  pass  may  be  regnl  >it 

greatest  de^^ree  of  nicely ;  and  wlien  it  is  once  ascertained  what 

of  stuff  is  required,  no  variation  in  the  supply  can  take  place, 

sort  of  cock  or  valve  for  tlic  purpose  vtiW  be  such  a  one  as  1 

ing  for  the  stuff,  which  is  nearly  rQund  or  sc^uare,  beeause  li 

tjt*.  .(.ft  .,    .1  .  '  dge.     The  pipe  J  descends  into  the  pip"  - 

tl  It  aiid  rapid  now  of  water,  and  it  cai 

c»"  ,     ,         u         pij>e  .!»  imd  ihey  pa*s  together  into  tli.     .  ..   :  , 

Iherc  are  two  oRHators  M  M.  kept  in  pretty  quick  motion  bv  roc^tfifl  4>f  ihf 

rigper*  N  N,     In  tiiis  vessel  and  in  the  pipe  K  tJie  water  and  sluff 

intimately  raixtid,  and  formed  into  pulp,  ola  proper  consisteu 

liui  u  id  Ia>  he  obstiTVPff,  ihat  in  making  paper  by  this  niti  '"^  _ 

times  as  much  w  lb*  introduced  into  the  pulp  as  is  tuiuie  mvi 

in  the  ordinnrv   i  iier-makin^.     From  ih*^  vrf^se!  T,  ihf  ptilpHma 

Uirou^'ii     '  ■   ,  ':  '  "'  .  lihed- 

ioixn.  ,efct| 

)  ^] 


puJp, 

aurfa< 


lifid, 
tace,  »6  I 
turfac«  of  the  tyi 
the  point  T:  an 
quAOtity  rer^ui>iu^  u. 


lilt    cX!iup«:^iLum  uf  a  iiiuxl  of  ^>iij.4a    a   cuilucMJ^ 
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and  931  uni 


uniform  supj)!} 
UiM.  wtieo  the  bwrfj»ce  ol 


>n  as  toDg  at  ih<e  motioa  i« 
kept  up.  It  h^  becit  befurc 
^y  under  emerges  from  ilie  jiutp 
«t  iht  POtnA  T,  die  quantity  of  tibre  requisite  for  the  composition  of  41 
llicvt  Of  intper  is  mlUritt!  -  l»ni  :it  ihai  pehod  so  much  w ^in  »*  000* 
Uint^  ariioin;  titr  Y  to  drain  off  the  gt»  f  ^t 

bdc»«  ft  wili  adxnu  ;  ^         ureusuiiUv  tiuik  uiieul  '  '»ng 

AM  llRlHrtMrv«iui  for  ctnopreftsing  Uie  fibres  <  1  !^er,  for  tije  Durpose 

«f«i«lan«  thsm  cWhfT<»,  ntid  thereby  g^iving  1. 1  iie  paper.    For  thui 

pHinateme  troup^i  iijtructjon  of  whkU  js  i*x>re  fully  exyA^iued  in 

ftfid  AAS.  I  iie  inside  of  the  cylinder^  and  made  to  tit  light 

I  vi'^ij.     ]t  has  a  communj cation  with  llie  pipe  W^  as  i^ 
:i85,  where  the  pipe  is  pointed  out  by  the  letter  n  ;  wid 
iw  tuifutcied  v.^'*^  -     "  -    '"  '     *  !    "cliiiicr  pumps  X  X,  placed  in  a 
water,  totha:  re  put  in  motion,  the  uir  con- 

tlifi  tnan^pl  '•  *  *^"^  trough  an«1  ''•  --^ '  'vlcr, 

invdiftt^ljr  dri  ressuieoft^  >.re 

^aee  upon  tt  .is  covered  ,     ^ ,  in 

thie  fliile  before  described,  and  thereby  rendered  nearly  impervious  to  ihe 
mr.  The  immediate  eHect  [»rinluc«.'d  h  the  squeeun^  out  the  w^ter^  and 
Iqrwi  the  fmlfk  down  in  a  compact  suite  on  the  surface  of  the  cylinder,  ^ 
wtk  lim  fwper  •ctniftot  be  dibturbed  at  the  point  Z^  by  the  pcessure  of  thir 
mAti  roller  a.  T\m  part  of  the  y»rocess  I  call  \he pneuviatic  pressure.  The 
flMftbciy  oTlbe  roller  n  moves  it  exactly  the  snme  rate  as  the  periphery  of 
lK»qr*»nd«fR,  mnd  in  «^     '  '        '    '        '     '  "^       Het 

m  ii  mmAt  to  fit  in  exac;  1  '5^ 

AOtblt  it  sbail  only  prcs*  i.i.vii  .wt  j^-nr^.  ^w.- ..liH  i....  r..*..,.^..  wi  ;.,..  |..  ..^uiuf 
i|ffia4«r.  Hie  sur^ce  of  the  roller  A  should  be  smooth,  and  the  paper  will 
'•diltete  to  it  instead  of  the  perrious  cylinder  R,  and  be  led  round  by  ii  to 
nndlBKO  >i  Fccaod  pressure  betvteen  me  roller  a  arid  the  roller  &,  which 
iatltr liM  a  penrioua  surface,  consequently  the  paper  will  be  produced 
~  '  dry  for  leadtDg  off  to  the  cutting.     It  is  well  known  by  puper- 

^t^  independent  cf  the  quality  of  the  materials,  tlie  strength, 
and  beauty  of  papers  depcmd  upon  the  arraugctuent  of  the 
ct  »f  of  \vhic!h  it  is  composed  ;  that  in  a  well-made  sheet  of  pnper 
ve  ranged  in  a  honjontal  and  parallel  direction^  and  a  matiu- 
detcribing  such  a  sheet  of  paper,  would  say  that  the  stuiF  was  well 
which  quality  all  paper  must  possess  in  a  greater  or  le5i«  degree, 
ottiexwise  the  parts  of  the  sheet  will  scarcely  cohere  togtther,  the 
will  be  rough,  the  thickness  uneven,  and  the  paper  devoid  of 
r,  mnd  not  adapted  for  use.  In  the  modes  of  paper-making  exercised 
lo,  this  indi5|>ensable  object  has  been  accomplished,  by  shaking  the 
lid  or  wire  on  which  the  pulp  is  settling,  so  that,  as  the  water  run*  otfi 
ftbrrs  nre  hid  flat  upon  the  surface  of  liie  mould,  and  arranged  in  k 
non  ;  but  in  making  paper  by  the  machinery  above  describedj 
,  I  rfeclly  well  shut,  without  any  shaking,  the  fibres  of  rag  being 
fep<  iU^id  jjTwiually,  in  a  longitudinal  direction,  by  mea^s  of  the  fnctioQ 
^htdk  takw  place  upoD  the  cylinder,  in  consequence  of  ii:i  motion  being  in 
•n  opi»t»itc  direction  to  that  of  the  stream  of  pulp,  the  effect  of  which  is  to 
lcm««Ti!i  dnwn  the  fibre's  of  rag  ai  they  are  laid  upon  the  cylinder,  and  it  is 
tteeonanlf  continued  during  the  whole  time  of  ihe  formaticn  of  tl:e  pnper, 
aiid  ouMt  be  tmiform  tliroughoul  every  part  of  it.  The  reason  of  inlroducing 
to  Im^  %  <|uantity  of  water  into  the  pulp,  is  in  order  that  every  fibre  may 
!•  i^oat  i«|ia»te1y,  and  at  Uberty  to  take  a  directioo  aoGording  to  m 
MiotooK  Giibtat  eouisea* 
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tt  lAto  b«  oUerred,  that  the  principle  here  developed  would  dkdmil  of  < 

less  eligible  mo^!  "     i        .  suc^  bs  c     t  '     '  '  '       n 

surface  of  an  en'  fwoveown  u 

outline  SbCtiou^  tiv.,  oi».',  tn  jjupportid^  a-^u  .^  vjin.^.v,!  c.  ^  .^. ,^..  ,...,  as 
the  outline  section,  fig.  390,  wiihout  applying  the  pneuntiiic  prtfwwm 
either  cai»e- 

In  fig.  389  the  cylinder  uhc  should  be  hollow,  and  have  } 
Iq  fig.  390  the  cylinder  mighi  l>e  of  a  more  simple  cousin 
described  in  fip.  380,  381 ,  383,  384,  and  385,  but  unless  oi  u 
sire  indeed,  il  could  only  be  loade  use  of  for  making  very  Uiin  p  , 
cause  ihe  water  requires  so  long  time  to  run  oflf  before  the  paper  will  uiailj 
of  any  mechanical  pressure. 

It  is  to  be  obsened,  tliat  in  making  paper  by  this  method, 

Quantity  of  fibres  of  n\g  are  deposited  on  the  iurface  of  the  ■ 

icr*  the  passage  of  the  water  and  the  accumulation  of  -^ 

cult,  that  without  a  considerable  height  of  pulp  the 

sufl^cient  to  force  the  water  th!0UH;h  the  cylincJer, and  it 

U|»oo  it^  the  consequence  of  wluch  would  be,  that  the 

lated  on  the  surface  of  the  cylinder  would  be  washed  oti  _      ^  .   >c; 

nnjch  disturbed  before  they  arrived  at  the  point  T,  which  i*  the  ierci 

pulp  in  the  back ;  to  obviate  ihis^  it  will  be  Dect-ssary  to  add  the  pi 

the  atraosphere  to  the  weight  of  the  water  in  making  tluck  pupcra, 

may  be  done  by  extending  one  side  of  the  trough  V  below  the  level  of 

pulp,  so  as  to  cause  a  suction  under  that  part  of  the  cylinder  which 

covered  by  the  pulp^  as  well  as  under  that  part  which  has  emiuigcd  f/om  iLi 

For  this  purpose  a  wider  troujfh  would  be  neeessarj- ;  but  at  all  evcotoi  the ' 

exact  proportion  of  the  cylinder,  covered  by  the  trough,  is  not  rnAlirnid^h^ 

cause  It  will  be  found  by  experience  what  width  is  fiufhcicnt  for  drying  ihf 

paper,  so  as  to  enable  it  to  have  the  pressure  of  the  roller  a.    Th»  roller  i 

ought  lo  press  on  the  cylinder  R  about  the  point  wliich  is  ovet   oae  iidt  of 

the  trough  V,  aud,  accurdinj;  aa  the  trough  is  shifted,  the  roller  shoolil  lit 

shiAed  also ;  but  this  pressure  ought  to  be  not  less  than  forty-live  de^TKi 

above  llie  level  of  the  aacis,  becatine,  otherwise,  part  of  the  water  preuad 

out  of  the  paper  will  be  absorbed  by  it  again,  whereas,  from  thf  p<Mfrtir»i>  U 

acts  in,  in  the  drawing,  fig.  387,  tlie  water  will  be  sucked  i-  ugfc. 

Tlie  roller  a  should  not  be  fiiced  in  bearings,  but  confined  i!  i  the 

cylinder  by  weights,  suspen'    '  dch  eod  of  tht'  .)   uxiy  br 

adjusted  accoi\ling  to  circun  nj  in  all  cas<«s  t  '  pruxsuje 

should  be  upon  the  roller  b.     xnv  y^iivr  which  runs  tlv  ■  '  -  '■■^ 

figs.  387  and  3rt8,  and  out  at  the  end,  falls  in  the  first  i 

tern  C,  from  whence   it  passes  through  1 1 1.'  isih  */  m,>, 

from  thence  is,  by  means  of  a  pair  of  don 

Hie  pipe  K  into  the  vessel  L,  so  that  it  coi 

of  conducting  the  pulp  to  the  cylmder  frora  liie  pipe  J.     ili*  , 

of  gatige,  by  means  of  whicli,  after  the  pulp  rises  to  a  pT"[i 

ves.Hel  L,  the  remainder  of  the  water  is  cairied  otf  intr  • 

there  may  be  a  waste  pipo  for  conveying  off  the  supcrfl, 

water  drawn  from  the  tylinder  H,  through   the  trough  V.  L 

air  and  water  pumm  X  X,  may  run  to  waste,    T^io  sue  of  i 

and  of  the  trough  \  ,  must  Iwregululed  :v      -'        -    *'      -  ' 

jnensions  of  the  paper  il  is  intended  f 

sufficient  for  the  diameter  of  a  cylinder  < 

substance  lo  a  pappr  twenty -two   inti! 

weighing  twenty  pounds  per  ream  {  t)i  :.;/ 

Arbitrary.    The  thick n(»»  ol  tlie  paper  made  by  a  cyiuwier  may  b«  adjured 
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i  nrioos  ways  :  first,  by  using  cylinders  of  Tirious  diameters ;  secondly,  by 
fioderating  or  retarding  the  motion  of  the  cylinder ;  thirdly,  by  varying  the 
Roportioa  of  the  surmce  of  the  cylinder,  which  is  covered  with  pulp; 
n^hly,1iy  Tazying  the  consistency  of  the  pulp.  The  periphery  of  the  cylin- 
Iff  ought  to  move  at  the  rate  of  about  thirty-six  feet  per  minute ;  the  pulp 
nght  at  all  events  to  be  very  thin,  and  therefore  the  most  eligible  mode 
if  nljBHiutf  the  thickncM  of  thp  patper  would  be  by  varying  \he  pro- 
Mrtkmof  we  surface  of  the  cylinder,  which  is  covered  with  pulp;  conse- 


.  for  thicker  papers  a  larger  cylinder  would  be  necessary,  or  a  back 
■ly  be  made  use  or,  extending  higher  up  towards  the  point  Z,  so  as  to  cover 
khq^  proportion  of  the  surface  of  the  same  cylinder :  and  for  thinner  pa- 
Mr  a  back  might  be  made  use  of  covering  less  of  the  cylinder,  as  in  fig.  390, 
jr  jwnns  of  the  code  in  pipe  J.  The  quantity  of  pulp  supplied  to  the  cylin- 
Mr  em  be  adjusted  with  the  greatest  accuracy,  consequently  the  thickness 
if  thi  paper  may  be  preserved  uniform,  or  vaned  at  discretion,  provided  the 
lidness  of  the  pulp  in  the  chest  A,  and>  the  motion  of  the  cyKnder'R  be 
wtfnned  uniform.  By  means  of  the  gauge  pipes  Q  the  level  of  the  pulp  in 
kcfatek  P  can  be  varied  till  the  most  ehgible  point  for  the  cylinder  to  emerge 
hnihe  pulp  is  ascertained,  and  the  supply  of  water  through  the  pipe  r 
Mtbe  aajusted  accordingly.  It  may  be  laid  down  as  a  general  rule,  that 
kt  thicker  the  paper  the  higher  should  be  the  level  of  the  pulp  in  the  back. 
Isffder  to  close  the  troueh  V  tight  upon  the  cylinder  R,  the  patentee  pro- 
MW  packing  it  all  round  the  top,  wnere  it  comes  in  contact  withinside  of 
■ccylmder,  as  at  the  points  nn,  in  the  section  fig.  380. 

luB  mode  of  packing  is  so  well  known,  that  it  is  unnecessary  to  give  any 
loeription,  except  the  representation  in  the  drawing.  The  friction  of  the 
•dt  P  upcin  the  cylinder  may  be  taken  off  by  strips  of  woollen  cloth  or 
ntker,  particularly  at  the  line  across  from  the  point  S. 

Figs.  301  and  392  are  for  the  purpose  of  explaining  a  more  simple  mode 
f  eonstmetion.  A  is  a  hollow  cylinder,  with  a  pervious  sur&ce,  wnich  may 
e  used  in  cases  when  the  pneumatic  pressure  is  not  applied ;  aa  a  is  the 
Ivead  of  a  screw ;  b  bb  represent  cross-bars,  carried  across  the  internal 
iD4oe,  parallel  with  the  axis.  The  best  mode  of  constructing  it  will  be  to 
Mt  a  cylinder  with  the  bars  in  the  inside,  and  to  cut  the  screw  deep  enough 
>  feim  an  opening  between  every  bar.  It  should  be  furnished  with  cross 
Ires,  ecCy  and  covered  with  wove  wire,  in  the  same  way  as  the  cylinder 
I  It  might  be  made  on  a  larger  or  smaller  scale,  according  to  the  purpose 
vvdiich  it  is  required.  The  roller  6,  in  figs.  387  and  388,  may  be  made 
I  this  manner,  but  stronger,  as  a  great  degree  of  pressure  is  intended  to 
dwidace  upon  it. 

When  the  machinery  is  to  work,  the  agitator  and  pumps  should  be  set  in 
Mion ;  first  by  turning  the  shaft  K,  and  then  the  cylinder  R,  by  means  of 
le  cog-wheel  P,  which  gives  motion  to  the  rollers  a  and  6,  by  cog-wheels  a 
nd  r.  The  mode  of  giving  motion,  and  the  situation  of  the  pumps  aud 
to&diest,  may  be  arranged  according  to  convenience,  but  the  motioi^ 
Sfhl  to  be  perfectly  regular. 
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Ion  that  account  k  much  aroided.  An  objectiomlMtB  be«n 
^d  to  the  Hppl}nng  of  this  power,  under  m  sv^ppomttoo^ 
dkiit  the  aatmal  by  changing  hU  speed  wouM  injure  the  tx)t!UMi ; 
it  is  almost  fiuperfluous  to  add  that  many  eimple  contrivMices 
may  be  adapted  to  equalize  the  moiion,  luid  prevent  these 

Whtm  tbe  cotton  has  undccgone  dthcr  of  these  proceflscf , 
ifl  packed^  and  exported  to  the  European  markets. 
When  it  arrives  in  this  country,  it  is  again  submitted  to  tlie 
tion  of  niucbiner)^  for  tbe  further  sepai-atlon  of  the  extra- 
lus  matter,  unless  it  is  to  be  spun  into  coarse  yam,  when 
preceding  process  is  considered  sufficieat. 

Tlie  first  machine  that  we  shnll  describe  as  used  in  tlii^  countrv  for  the  ftit- 
ipt  clQaring:  of  th<5  particles  is  Lmlled  a  picker^  and  is  rtpres-ented  in  fi^.  393. 
'  *'    le  two  roilersi,  hnviiig  an  endless-cloth,  C  D,  siretched  over  tlrem. 
is  called  the  feeding-cloth,  and  its  upper  surface  is,  by  tbe  revolu- 
rollers,  always  carried  towards  D*   E  and  F  are  two  fluted  rollers, 
licb  nearly  touch  eacn  other,  and  revolve,  to  that  tlitir  toticliing  surfucps 
m  towaras  G  H,     G  H  I  K  are  c)'lindcrs,  covered  on  their  outei  surfiiues 
milh  long  blunt  pins,  makini^  about  250  revolutions,  in  the  direction  of  the 
I,  per  minute,     L  L  is  a  grating  of  >vires  for  the  seeds  to  fiill  tbrnug-b, 
^tlie  cotton  carried  by  tbe  feeding-cloth  is  delivered  by  the  small  rollers 
ftlie  face  of  G  H.  By  the  mpid  revolution  of  G  H»  thecotton  is  lljtown 
imst  the  top  O  P,  and  is  carried  forward  and  delivered  upon  the  cylinder 
K»  ivbicb  iin  Uke  manner  carries  it  rapidly  round,  draws  it  over  the  grating, 
id  deliver  it  back  upon  the  lower  face  of  G  11,  which  after  having  drawn 
ovi?r  the  remainder  of  the  grating,  and  divested  it  of  tlic  remainder  of  tljc 
«di       '  les  of  dust,  deposits  it  in  the  box  R  R, 

Ti*  14  liable  to  injure  the  staple  of  the  cotton,  and  is  therefore 

!i^v. .......  .luoiher  called  a  batter^  represented  infij:.  401.    In  this  ma- 

iine,  the  feeding-cloth  upon  the  rollers  A  and  li  caiTics  forward  the  cotton 

the  rollers  c  and  d,  which  deliver  it  upon  the  curbed  nick  or  grating  d  e, 

rbile  a  »cotcher,^  A,  revohing  rapidly  upon  its  axis,  strikes  the  cotton  witli 

iwo  ed'^s  ^  ajid  h,  and  divides  it ;  at  the  same  time  a  draught  of  air, 

taled  by  tJ>e  revolution  of  the  fan  I,  blows  the  cotton  forwaro  over  the 

ing  K  K,  divests  it  of  the  superfluous  parts,  and  ultimately  deposits 

in   a    box  at  the  end. 

The  cotton  is  now  considered  la  a  state  fit  for  the  operation 
'spinning;  which  is  differently  performed  according  to  the 
mes  to  which  the  yam  is  to  be  applied.  The  different 
8orU  of  spinning  may  be  classed  iitider  the  respective  beads  of 
Jenny,  mnle,  and  water  spinning. 

Mule-xpinnbig,  which  i«  by  fiu'  the  most  perfect  process, 
md  by  which  the  finest  yarn  is  produced,  shall  first  have  otir 
_«klciBtion* 

Ifi  this  process,  when  the  finest  yarn  is  to  be  prodttced,  the 

lUon,  instead  of  beuig  iiubmitted  to  the  operation  of  cither 

the  inAchines  before  described,  is  cleansed  entirely  by  the 

id.     The  mode  of  effeciijig  ibis  is,  by  spreading  tiie  cottcm 
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ipon  a  strong  netting  of  cords  etretched  on  a  frame,  and 
ing  it  \rith  oFier  wunds  till  divested  of  ita  impuritiea.   It 
luidcrgoes  the   eleinentiiry  operations   of  carding,  dam 
utretclung  and  plying,  and  twisting  ;  the  whole  of  vvhich 
essential  in  the  manufacture  of  mule  yam. 

Carding  is  performed  by  two  kinds  of  engines,  one  of  i 
called  the  breaker,  operates  upon  the  cotton  preparatory! 
being  submitted  to  the  operation  of  the  other,  caU( 
finisher. 

A  card  is  a  kind  of  biuah,  formed  by  making  wires  inio  «>.» 
staples,  as  represented  in  fig.  394,    The  two  legs  of  the  &\ 
through  holes  m  a  rtexible  piece  of  leather,  aud  preseol  to 
form  similar  to  thai  shown  in  the  figure,  where  A  B  is  the  I 
the  wires  forced  through  it.     C^rds  are  formed  in  two  way^ 

tect'Card,  is  made  aoout  four  inches  \vide,  and   18  incLt 

iph  corresponding  with  the  width  of  the  main  cylinder,  '. 
to  cover;  the  otlier,  called  fillet-cnrd,  is  itiEde  in  ou* 
fillet, and  is  used  for  covering  the  doffer  cylinder.  Tho 
are  placed  potnting  in  the  direction  ofthe  length  of  the 
cover  the  cylinder  to  which  they  ate  applied ;  whereas  1 1 
is  left  between  every  sheet,  as  may  be  seen  on  the  roam  i  ,. 

Fig.  393  represents  a  sectional  view  of  the  immediate  wo 
breaker  cardinif-engine.  A  is  tbF  main  cylinder*  covered  %\ 
B  thtj  doffer  cylinder,  covered  with  fillet-card ;  C  C  C  are  tin 
feeding-cloth  supplied  with  cotton,  which  has  been  pre 
moving  forward  over  the  roller,/,  by  means  of  the  roller  g, 
the  cotton  between  the  feeding-rollers  H  U,  which  carry  if  t 
bnder.  The  main  cylinder  revolves  rapidly  in  the  dirt 
carries  the  cotton  upward  between  itself  and  the  top  , 
with  sheet-cards,  about  1|  inches  to  2  inches  wide,  ^o  t; 
nearly  as  possibie,  follow  the  curve  of  the  main  cylinder.  I 
cylinder,  Kaviug  a  wooden  roller  I\  laying  upon  its  upper  >  at 

is   the  dolTer  or  taker^-off,  having  affixed  to  it  the  steel  tuu n  <  ili^J  lli 
"  >ffing-plate. 

Tliodofhug-pliite  may  be  seen  more  at  large  in  fig.  396,  •• 

frojit  view  of  ihe  dofftr  cylinder  on  a  larger  scale,    (h 
figure,  it  will   be  setn,  timt  the  doffing-plate  L  L,  i\ 

formed  like  a  comb,  is  fastened  across  the  whole  ofthr  ri 

is  supported  by  tlietwo  uprights  m  m,  festened  on  two  ctat 
fi*  «2.  The  upper  parts  of  these  uprights,  in  w,  are  fastened  i 
cranks  at  n  n,  so  that  tlie  doffing-piate,  by  the  revolution 
made  to  move  downwards  while  in  contact  with  the  dotfcr  c 
warrls  while  away  from  it.     TIte  cotton  is  t  ' 
and  is  carried  up  by  the  main  cylinder  and  ] 
or  flats,  whose  tecih   lie  in  an  opposite  iln..  .j.j,    . 
cylinder,  and  by  ^vl^cJ<^e  united  action  the  cotton  is  r 
cleansed,  and  its  fibre*  placed  in  a  direction  more  parullv.  ^  j  -. 

The  main  cylinder,  by  ita  revolving  motion,  Ls  soon  coi 
with  cotton,  and  is  divested  of  it  by  the  dofier  cylinder,  n 
in  placed  ho  as  nearly  to  toucli  it,  and  which  moves  at  m 
slower  speed,  in  thc'direction  of  the  dart.     The  effect  of  IhM 
4j|jgiue  would  therefore  be  to  distribute  the  cotton  equally 
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malii  cylindiT,  the  top  vardA^  aiul  the  doffer  cylinder ;  but 
daffiiiL  J y  the  jiction  filready  dcBcribed,  is  amtinuLiUy 

tin    uuiici'  cjliudcT  J  whose  pointb  are  consequently 
lo  receive  a  fresh  supply  tmm  the'  main  cylinder, 
ifj-plate  coiitinuiilly  slrijjs  the  doflfer  cylinder  of  the 
oottrjn,  which  it  delivers  upon  tlie  lapping  cylinder  in 
«'eb  of  ul)out  18  inclie«  wide,  whicli  is  the  usual 
ngines  for  fine  work. 
'hen  the  top  cards  are  covered  with  cotton,  an  attendant 
minted  to  take  them  off  and  to  divert  tliein  of  the  cotton 
of  a  card  nailed  on  a  board,  which  he  carries  in  hi^ 
YT  that  purpose. 

quantiiy  of  work  delivered  to  the  engine  is  ruled  by  the 
vlinders  and  quality  oTthe  cotton.  When  it  had 
ii  the  engine,  and  is  wound  upon  the  lapping 
,,   (which  is  so  adjusted  as  to  contain  about  20  laps,) 
indant  hfts  up  the  roller  V,  makes  a  division  in  the 
lar  web,  and  takes  it  off  the  roller. 
In  this  o|>eration  we  arc  presented  with  the  first  act  of  ply- 
or  doubling,  which  ij*  introduced  iu  the  process  of  bpin- 
order  to  obtain  equality  in  the  strength  and  thickness 
ro. 

i«  in  Uiis  siftie  called  a  lap,  and  is  imtned lately  taken  to  a 

•,Trbich,  in  ^n«r.il,  is  disposed  back  to  front,  itnmediately  after 

,  AS  may  be  scOn  in  tig,  397-    llxe  conslruction  of  t]j£ 

•  x»<^tly  similar  fa  timt  of  the  brisker-engine^  except  that 
t}f  i  M»fj,  when  it  leiive*  ihedoffer,  u» 

ilbror..  tlie  ei»d  of  a  trumpet,  by  means 

'  :  t,  uiiu  cs  4K sjvLjHu  iii;.»  liie  cuji  W.    Tli€  rollers  *  and  I 

•  lion  iu  this  figure,  attd  in  a  froul  view  in  fig.  396.     Pre- 
,  to  leaving  lUi*  pujctvi,  we  shall  muke  a  few  remark*,  as 

'at^'wilJi  much  propriety,  oomidered  the  very  ibundatioQ  of  all  good 

The  breaker-engine  for  spinning  fine  cotton  is  generally 

rered  with  card:^  of  a  fineness  that  will  admit  225  teeth,  or 

points,  in  a  square  bich  ;  and   the  finisher  275,  or  550. 

'  incT^  are  much  divided  on  this  subject,  and  in  some 

mme  work  h  performed  with  cards  one- fifth  coarser 

The  top  cards  are  in  general  one-tentl» 

of  the  duiTcr  cyUndcr  one -tenth  finer,  than 

der  :  and  in  some  manufactories,  at  the 

.    .  :;  _    :i_,- LS,  where  the  cotton  first  arrives,  coarser 

1^  have  been  introduced,  with  a  view  of  divesting  the 

of  the  largest  part  iclcs  of  extrivneous  matter,  and  in 

iniitances  have  been  again  laid  aside  as  superfluous* 

most  be  set  easy  in  the  leather,  which  slwiuld  be  thin 

4rtKttig.     The  card-engine  is  driven  by  a  litrap  passsing 
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from  a  drom  over  a  fast  and  loose  mdiey,  ixed  on  tiia  bIuA 
of  the  miun  cylinder.  The  ftust  and  loose  polk v  ia  remwiiteil 
in  fig.  65 ;  and  its  utility  Has  been  explained  in  the  artiek 

MiLL-GBBRTNG. 

To  retnni  to  the  manufoctare,  the  cotton,  ^^ich  is  now  in  the  em  ftm 
the  card-engines,  in  the  form  of  ft  slirer,  is  next  submitted  to  the  prooevof 
dfftwiag,  represented  in  fie.  396.  In  this  process  three  or  four  caxd-endi 
are  brought  in  tin  cans,  and  passed  between  the  rollers  A  B  and  C  D,  whidi 
tevolre  with  different  velocities ;  that  is,  the  rollers  C  and  D  revolire  imidi 
quicker  than  A  and  B,  and  the  top  rollers  A  and  C  are  made  to  press  «ipoa 
a  and  D  by  means  of  the  weight  e.  Now,  supposin<7  four  slivers  be  plaeed 
together,  and  passed  through  the  rollers  A  B  and  C  I),  and  that  CD  revolve 
so  much  quicker  than  A  B,  that  the  sliver  will  become  four  times  its  orinnal 
length,  the  cotton  will,  by  cuch  elongation,  be  reduced  in  thickness  tnree- 
fourths,  that  is,  to  the  same  thickness  of  a  single  sliver  when  first  brouglit  to 
the  rollers.  By  this  process  the  fibres  of  the  cotton  are  laid  more  pmSel 
to  each  other,  in  the  direction  of  the  lengtli  of  the  sliver,  and  the  opentioa 
is  repeated,  by  plying  the  slivers  which  have  passed  the  tollers,  and  pasnng 
them  through  a  similar  set.  The  sliver,  when  thus  plied  and  reduced,  is 
drawn  tlirougU  the  mouth>piece  O,  by  the  rollers  E  and  F,  and  ddircntd 
into  another  can. 

Aftei^  the  cotton  has  heen  plied  and  drawn  as  many  times 
as  the  spinner,  from  the  quality  of  the  cotton^  and  the  intended 
quality  of  the  yam,  considers  necessary,  it  is  carried  to  the 
roving-franie* 

The  roisb^frame,  which  is  much  used  in  mills  where  mide-epiiiBiug  is 
carried  on,  is  represented  in  fig.  402,  and  is  termed  the  am  mmg^fimu. 
A  B,  two  rollers,  moving  at  a  slower  speed  than  C  D ;  A  and  C  are  pressed 
upon  the  rollers  B  and  D  by  the  weight  £,  as  may  be  seen  in  a  front  view, 
fig.  402,  and  section,  fig.  403.  Tlie  cans  (fig.  402)  are  represented,  the  one 
shut,  and  the  other  open ;  the  latter  opens  by  means  of  hinges,  after  raising 
the  ring  g.  The  cans  are  capable  of  revolving  upon  their  spifilles  A  A,  and 
are  supported  in  an  upright  position  by  the  collars  1 1,  and  have  at  their 
upper  ertremities  funnel-shaped  pieces,  k  k. 

If  two  slivers  of  cotton  are  bhought  from  the  drawing-frame,  and  passed 
between  the  rollers  A  B  and  C  D,  the  processes  of  plying  and  drawing  will 
again  take  place ;  and  the  rollers  C  D  will  feed  the  end  thus  fomned  isto  the 
can  througn  the  mouth-piece  at  Jfc,  which,  by  revolving  rapidly  npon  its 
axis,  will  impart  to  the  end,  or  sliver,  a  slight  degree  of  twist.  When  the 
can  is  filled,  the  rollers  are  thrown  out  of  geer,  and  the  motion  cease»;  the 
can  is  then  opened,  and  the  cotton,  or  as  it  is  now  called,  the  lovmg,  is 
taken  out  and  wound  upon  a  bobbin,  and  in  that  state  is  carried  toamadunt' 
called  a  stretcher. 

Some  objections  exist  against  this  species  of  roving ;  firat^ 
(torn  the  necessity  of  taking  the  roving  out  of  the  can  for  tho 
purpose  of  winding  it  upon  a  bobbin,  during  which  it  n  liabla 
to  sustain  much  damage  from  the  fibres  being  in  a  yery  sligha 
state  of  adhesion ;  and  secondly^  from  the  roving  receiving  its 
twist  solely  from  the  revolution  of  the  can  in  which  it  reats^ 
and  by  which  the  twist  is  not  equally  di£^sed  over  the  whole 
length  of  the  roving.    The  first  objection  was  attempted!  to 
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placing  tlxe  can  in  a  frame,  and  drawing  the 

oak  tliroogh  the  mouth-piece  at  which  it  entered ;  aiid 

\y  (i&r  Uie  second  was  sotoewhat  uiisucceiisfuUy  at- 

Lntftd  by  Mr.  Arkwright,  who  tried  to  introduce  a  pair  of 

:pon  the  top  of  the  roving-can,  to  seize  hold  and  feed 

Igig  iuto  the  can  as  fa^t  aa  it  waa  received  ffoiu  the 

drawing-roilers.     This,  undoubtedly,  would   have  perfectly 

ecfiaikied  the  twiat  throughout ;  but  the  machinery  neeestavy 

V)  produce  the  double  rotatory  motiuu  wa»  found  to  be  iacon^ 

Vtttout,  and  the  plan  waa  iu  cooaequence  abandoned. 

^nma^-fraxne  of  it  dtfierent  constTnction,  ^hidi  obrioies  the  preceding 
ind  which,  in  consequence,  has  reoei^^  more  general  KloptioQ^ 
^nl^  ill  fW«  404 ;   it  is  called  the  b9<ltl>in  and  Jlier  rwinif^pratne* 
uiing  are  aunilar  to  tho*e  before  dcscnbed ;  and  the  plied 
IS  represented  as  coming  from  the  rollers  at  A,  whence  it 
thfough  an  eye  at  C,  over  the  toji  irlle  D,  and  down  one  of 

lej^a  of  the  fli«fr  B  B,  ^*l»icll  is  for  tliat  tcirmed  tiibulur.     By  the 

rfv*lt»tiiri  indlQ  D,  ((caitralfid  by  a  Alra^ji  aclmg  upon  the  pulley  P, 

Aa  &itr3  ':  swiftly  rotuuJ,  and  ipm&t  and  deliver  the  thread  upon 

ihtbo-'Ul'  ,      '  '  >',c  spiiKlie  by  raisins^  th« 

boft/i]  G  I  ^  trie  b<3ai'd  descends. 

T^'  '  LuiT,  lur.iiiis  ^j'^iM.j  L»>i7ri,u  .imi  wound  upon  a  bobbin, 

Q  i  rnjiiedial£il^'  oairi^  to  the  stretolung-firam*,  which^,  Iwin^ 

L     »rt: .  .HiinirMnn  to  th*>  riiiiU-.  we  coQsider  it  neeessary  only  to 

■  uulCf  shown  in  fig.  405,    A  is 

^k'  I  true  (not  shown  in  this  figure) 

^B  «veii^k*vc  bv¥n  situutij ;  and  c  c  c  are  three  pairs  of  rollers,  revolving  at 
^Vdtfliit|i^tpeed«)  £br  the  furthor  drawing  of  the  rovin^i  The  rovmg»  when  it 
^^W  httn  ttuzs  drawn^  i  to  tlie  spindle  B,  which  is  formed  of 

)iia^t#lod  siet'li  ground  .^:  '-ring  to  the  end,  which  is  h  round  blunt 

~"'  L    The  spiudie  receives  its  rnolion  at  the  pulley  D,  by  meuns  of  a  band 
iog  round  a  drum  in  the  box  R  E  E ;  which  drum  has  bands  passing 
ike  tamo  taanner  to  several  other  spindles,     ^^^^en  the  motion  com- 
(,  tha  taxnoigo  E  B  £  passee  backwards  to  tlie  position  shown  by  the 
""'  '-"^  •*  *hii  spindies  to  tha  position  IJ^;  during 
on  its  axis^  and  gives  a  certain  degiee  of 

,     :.i^. Jy  has  underj^one  a  reductiou  in  diameter 

the  rollers  C  C  C.    Tlie  extent  to  which  the  frame  rc- 

i»   '  0  yards,  and  when  the  spindles  have  ^vcn  the  ret^uiaiic 

oi  twiai  to  the  yam,  it  returns  to  its  former  place;  while  the  at- 

by  moving  the  bar  H  upon  its  anis,  presses  die  yam  downwards^ 

I  of  a  piece  of  wire  K,  which  causes  it  to  be  wound  upon  the  &pin- 

io  as  to  form  a  fig:ure  tliat  may  be  represented  by  two  cones,  one 

:  ile  than  the  other,  placed  base  to  base,  as  shown  at 

vm  is  termed  a  cop<,  and  the  act  of  so  dislribaimg 

Ulft  JAJ9,  r^v   wit'   ruu\L-mr:rnt  of  H  R,  the  huUdtHg  of  the  Cftp, 

ft  may  here  be  observed,  that  althouj^li  this  is  called  the 

rtnetching-firanie*  the  yarn  is  not  stretched,  but  merely  under- 

150*"-  t  ^' -fher  process  of  drawing  and  spinning,  and  that  the 

13  not  performed  til!  in  the  next  operation,  which 

•rionned  upon  the  mtile,  and  termed  spinning. 


mi 
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The  JhTHy  delivered  from  the  stretching-frame  in  thi^  ibrHf' 
of  a  cop,  is  taken  to  the  mule,  which  is^  though  much  lighter, 
both  in  the  form  and  action  of  the  parts,  very  similar  to  the 
stretching>frame.  The  spindles  also  are  of  a  smaller  size^ 
and  are  situated  nearer  to  each  other. 

The  nmle  spinumg-fratne  differs  firom  that  of  the  stretching* 
frame  insomuch  as  the  act  of  stretching  is  added  to  the  other 
operations  ;  for  when  the  frame  £  £  £  has  receded  a  certain 
distance,  generally  about  one  yard,  the  rollers  C  C  C  cease  to 
move,  and  the  frame  still  continuing  to  recede,  stretches  the 
yam.  During  this  process,  the  spindles  on  the  frame  £  £  £ 
move  considerably  quicker,  in  order  to  save  time.  The 
stretching  is  performed*  with  a  view  to  elongate  and  reduce 
those  places  in  the  yam  which  have  a  grater  diameter,  and 
are  less  twisted  than  the  other  parts,  so  that  the  size  and 
twist  of  the  yam  may  be  more  uniform  throughout.  When 
the  cops  are  mil,  they  are  taken  from  the  moving  spindles, 
and  placed  on  stationary  parts  of  other  mules,  as  at  A,  and 
the  yam  is  again  submitted  to  the  same  process,  nntU  it  ia 
reduced  and  spun  to  the  proper  fineness,  both  as  respects  the 
diameter  and  the  twist ;  during  the  whole  of  which  process, 
the  yam  can  be  continually  joined,  so  that  the  cops,  which 
are  in  separate  pieces,  can  be  added  to  each  other  in  parts,  or 
otherwise,  as  die  continual  elongation  of  the  yam  in  the 
course  of  the  different  operations  of  each  mule  may  require. 
The  pieces  are  joined  by  children,  called  pieeersy  who  are  in 
attendance  on  each  mule,  to  join  any  yam  that  may  be  broken 
in  the  act  of  stretching  or  twisting. 

The  drums,  which  drive  the  spindles  in  those  parts  of  the 
mule  that  recede,  receive  their  motions  from  bands  com- 
municating with  the  moving  power ;  but  the  advancement 
and  recession  of  the  carriage,  for  the  purposes  of  receiving 
and  stretching  the  yam,  as  before  described,  is  performed  by 
means  of  a  wheel  moved  by  hand-labour.  A  spinner  is  enabled 
by  experience  to  judge  of  and  regulate  both  these  operations, 
as  also  the  building  of  the  cop,  which  is  a  matter  of  verv 
great  nicety  5  for  if  the  cop  is  not  well  built,  the  yam  will 
not  run  off  even  when  it  is  to  be  used.  The  number  of  spin- 
dles on  a  mule  amount  frequently  to  300.  The  yarn  produced 
by  mule-spinning,  being  by  far  the  most  perfect,  is  employed* 
in  the  fabrication  of  the  finest  articles,  such  as  lace  and 
hosiery ;  and  when  it  is  twisted  in  two,  four,  or  six  plies,  is 
used  for  sewing-thread. 

Jenny-spinnbig  is  of  earlier  date,  and  a  much  less  perfect 
process  than  mule-spinning;  consequently  it  is  but  little 
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lised,  except  in  the  manufiictiire  of  yarn  for  coarse  goods.  In 
this  spinnings  the  cotton^  after  huviug  been  cleansed  by  some 
of  the  processes  already  described,  is,  preparatory  to  being 
exposed  to  the  action  of  the  jenuy,  immersed  in  a  solution  of 
floap  and  water,  to  divest  it  of  the  glutinous  matter  generally 
found  on  tlie  surface  of  this  and  other  vegetable  fibres  ;  it  is 
then,  after  the  soap  and  water  haH  been  pressed  from  it,  put 
into  a  warm  stove,  and  when  dry,  is  considered  to  be  iu  a  6t 
tftate  to  be  exposed  to  the  operation  of  the  carding-engine. 

llie  carding-engine  used  in  jenny-spinning  is  diftercnt  in 
its  construction  to  the  one  before  described  ;  for  in  mule  and 
irater  spinning  there  is  a  breaker  and  a  finisher  engine  j  but 
Ihc  engine  used  in  this  process  is  calletl  the  double*engine  ; 
fte  first  part,  or  breaker,  is  in  the  &ame  frame  with  the  second 
or  finisher,  and  the  doffer  from  the  first  part  delivers  the 
tton  upon  the  main  cylinder  of  the  second  part,  which,  in 
ke  manner,  delivers  it  upon  the  secossd  dotfer.  The  second 
ifler,  instead  of  being  covered  vrith  fillet-cnrda,  as  the  dofler 
the  single  engines,  is  covered  with  sheet-cards,  like  the 
in  cylinder,  but  being  of  smaller  dimensions,  has  generally 
nly  twelve  cards  upon  it ;  therefore  the  web  of  cotton  combed 
ni  such  dofter  by  the  doffiug-plate  is  not  in  one  continuous 
iece,  but  in  several  pieces  or  portions,  equal  to  the  cjuantity 
ttached  to  eacii  sheet-card  upon  the  doffing-cylinden 
A6  the  several  small  portions  are  delivered  by  the  comb, 
ley  fall  into  the  concave  pait  of  a  smooth  ai*c  that  is  ecjual 
one* third  of  a  circle.  In  tliis  arc  a  cylinder  of  smooth 
ny  slowly  revolves  in  such  direction  that  the  lower 
in  the  arc  passes  from  the  engine.  This  cylinder  has 
iiU  cavities  or  flutes  on  its  surface,  in  a  parallel  direction 
its  axis  ;  the  angles  on  the  projections  between  the  flutes 
taken  oflf,  so  that  the  scvend  portions  of  web  which  fall 
rom  the  doffer  into  the  arc  are  seized  by  the  flutes,  and  car- 
led  forward  on  the  concave  face  of  the  arc,  and  formed  into 
BUver,  abont  half  an  inch  in  diameter,  ajid  of  a  length  cor- 
sponding  with  the  l)readth  of  the  carding-engines,  which  is 
bout  from  24  to  34  inches.    The  portions  tiius  roiled  are 

lied  rows,  rolls,  or  rowans. 
'  In  this  state,  the  cotton  may  be  considered  in  the  same 
lotive  state  of  progress  as  a  card-end  in  mule  or  water 
inning ;  but  it  is  evident  that  this  mode  of  spinning  is  very 
6cieat  for  the  purposes  of  fine  yarn,  insomuch  as  in  the 
wans  the  fibres  of  the  cotton  are  laid  across  the  longitudinal 
rcction  in  which  they  are  to  be  spun,  so  that  the  advants^6 
ed  Tu  titc  other  process  of  carding,  from  the  fibres  being 
2c 
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placed  in  a  direction  parallel  to  the  intended  lengtb  of  t}i 

'u,  is  entirely  lost.     In  tliis  process,  also,  the  advantage 
!  plying,  which  we  have  noticed  as  taking  place  on  the  lappinj 

rtinder,  is  omitted. 

When  the  rowans  are  perfected  by  tlie  mahogany  cylindei 
they  are  taken  up  by  children,  and  placed  upon  the  feedings 
cloth  of  a  machine  called  the  biify,  or  roving  billy^ 
operation  of  which  is  called  roving  or  slubbing  j  but  the  latl 
cxpreHtiion  is  now  but  seldom  used,  except  in  the  nianufactun 
iOf  woollen.     This  machine  is  in  its  construction  and  action^] 

iry  similar  to  the  mule,  as  is  the  feeding-cloth  to  that  de^J 
!acribed  in  the  machine  called  the  picker  and  batter. 

The    feeding-cloth  lays  in  a  slanting   position,   and   th< 

)wan8  are  placed  upon  it  so  that  they  can  pass  lengthwit 
in  the  direction  of  its  action,  and  be  delivered  over  the  upper] 
roller  between  two  pieces  of  board  which  possess  a  capabilit j 
of  clasping  and  again  rclieinug  them.  The  rovvana  are  thei 
attached  to  revolving  spindles,  which  have  an  advancing 
^ceding  motion  similar  to  the  mule  or  drawing-frame.  By 
ffevolution  and  recesition  the  spindles  perform  tlie  operation 
spinning  and  stretcliing ;  and  at  such  intervals  as  the  spindles^ 
are  stretching  and  twisting,  the  feeding-cloth  stops,  and  the 
clasps  seize  hold  of  the  roving,  and  detain  it  till  sufficiently 
spun  and  twisted,  when  it  relieves  it  in  order  to  allow  a  fur^J 
ther  portion  of  the  rowan  to  be  fed.  The  roving  having  hfy 
this  means  received  a  certain  degree  of  twist.  La  built  oa 
spindle  in  the  form  of  a  cop,  as  in  mule-spinniBg,  and  its  tb< 
taken  to  the  machine  called  the  jenny. 

The  operation  of  the  jeiimf  is  nearly  the  same  as  the  roving- 
billy  ;  the  only  material  difference  is,  that  the  cops  of  roving  i 
to  be  spim  are   fixed  upon  a  moving  carriage,  which  ha»i 
elasps  to  hold  the  roving  while  in  the  act  of  being  stretched] 
and  spun  into  yam. 

Having  now  concluded  the  process  of  jenny-spinmni;, 
will  be  seen,  that  drawing  and  plying,  the  two  esseittial  requi< 
sites  for  producing  fine  yarn,  by  placing  the  fibres  parallel 
the  length  of  the  twist,  are  wanting,  and  that  fine  yam, 
consequence,  cannot  be  produced  ;  but  the  fibres  in  this  pro-: 
cess  being  placed  in  a  direction  more  across  the  length  of  the 
Twist,  give  to  the  yarn  a  rich  fulness  which  renders  it  prefer-* j 
able  for  the  well  of  heavy  goods,  for  which  it  is  esteemed. 

Water-s}ntming  differs  both  from  tlie  mule  and  jenny  spiit-^ 
ning  •  but  the  carding  and  drawing  machines  are  the  same 
those  used  in  the  procea^s  of  mule-spluning.  When  the  cottoi 
Isism  passed  thrxiugh  the  carding  and  drawing  macliineSy  it  il 
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md,  indeed, 
■^  flitf  ronng-fniaie, 
^'  »pind!ej  is  represented  in  fir,  4ofi,     A,  the  bohWn,  Wotijiht 
iiie  ;  B  C  and  F  h  ^ 

f  rollers  to  peri"  *r, 

rk- 
•hc 

■    ■""■ ■ - -r—  --  ••<'-''i», 

t  I  I,  *>n  xvliich  it  ri.'5t5^  h*u  an  npword 

I  the  yam  may  be  receiTtud  up<n»  ii  regu- 

ba9  a  slow  peciproctUii)];  uiotion  in  the  ditection  of  the 

ii  G  G,  by  whitli  ihe  raving  is  moved  over  live  surtaces 

iLi  rutJvrs,  »o  ihiit  the  parts  wear  omfofmly, 

f ^  "atcr  twist-spiuniug,  the  operation  of  gtretching  is  not 

5  Lcd.     The  motion  is  tnuismitted  from  the  first  mover 

K  '       ;ind  rovinef  frames  by  means  of  bevel- wheels, 

>  ;iJ  of  the  fninie.     These  wheels  communicate 

T  to  the  rollers,  which  have  spur-wheels  upon  their 

adapted  to  give  motion  to  each  other  by  intermediate 

.  which  give  to  the  lower  rollers  motion  in  the  propor 

!'       The  spindles  receive  their  motion  from  bands 

iiig  with  the  drum  K,  represented  by  the  dotted 

coni^tniction  of  a  water  spinning-frame  h  called  a 

(1  the  difference  which  characterises  it  from  that 

lied  the  water-frame  is,  that  the  cylinder  K  nuis 

-  whole  length  of  the  frame,  and  gives  motion  to 

spindles  at  once ;   whereas  in  the  water-frame  the 

are  moved  by  an  upright  pidJey,  communicating 

n  to  only  one  set  of  six  spindles,  which  is  an  advantage^ 

motion  of  one  set  can  be  stopped  without  stopping  the 

on  of  the  whole.     But  as  the  water- frame  is  far  more 

nsivc  than  the  other,  it  is  a  matter  of  doubt  wliich  ought 

,to  be  preferred, 

Tlic  several  sorts  of  yarn  have  each  their  peculiar  destina- 

,     The  yarn  from  mule  and  jenny  spinning  is  taken  from 

frame  in  the  form  of  a  cop  ;  that  from  water-twist  is 

^A  "M^on  a  bobbin.   The  yam  from  water- frames  possesses 

:inty  and  strength,  and  is  mostly  used  for  the  warps 

he;ivy  goods,  Buch  as  fustians  and  stroj^g  calicoes.     If  the 

yarn  has  to  be  packed  for  the  market,  it  is  reeled  upon  a  frame 

g  of  sue  horizontal  bars  supported  on  an  axis  poniUe) 

other. 

Its  fmmt  H  represented  in  section,  in  fijr-  407,     A  A  A  A  A  A  tbe 
ital  ban  ;  B  the  axis ;  and  C  the  bobbin  from  tlie  watcr-frivme.   The 
'Aotted  Un«9  represent  the  direction  of  the  twist.    These  reels  ttr«'  of  a  sufll* 
to  wind  off  about  50  cops^  or  bobbins^  al  the  same  time. 

2c2 
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Wlien  the  reel  has  made  80  revolutions,  a  small  brll  tl^'  U 
connected  with  the  machinery  rings,  and  warns  the  attef 
to  stop  tlie  motion  of  the  reel.  The  portion  thus  woiijui  i- 
ealied  a  Jay,  and  seven  of  these  lays  wound  upon  the  biim^ 
reel  constitute  a  hank,  which  ia  taken  from  the  reel  by 
causing  one  of  the  horizontal  bars,  supplied  with  a  hinge,  Ui 
fall  in\\*ai\l3.  The  circumference  of  the  reel  is  a  yard  and  a 
half;  conscquenily  the  hank  measures  840  jTirds.  The  si/e 
of  tlie  twist  iii  expressed  by  statmg  how  many  hunks  f(»)  io 
the  pound  weight :  thus,  the  yarn  called  N°  lUO  Is  Xh^*  t,  i;  , 
takes  100  hanks  of  840  yards  each  to  weigh  an  av 
pound.  Yarn  can  be  spun  upon  mules  as  fine  as  2U»  mnKs 
to  the  pound ;  but  in  \^'ater-tvvist  and  jenny-spinning  it  seldom] 
exceeds  00  or  /O. 

The  plan  of  the  buildings  in  which  the  cotton-sjiJnTTmir^ 
tuachinery  is  placed,  is  generally  in  the  fonn  of  u 

pgi*ani,  of  a  length  proportionate  to  the  extent  of  tli! 

ifiicture  carried  on  therein,  and  about  thirty  feet  wide*  to 
best  constructed  mills,  the  carding  and  other  preptu^to 
machines  are  placed  on  the  lowest  floor;  the  mules  aotj 
stretching  frames  on  the  next ;  and  so  on  progres 
the  mc chines  improve  the  fineness  of  the  yarn,  TK 
Jennies,  and  water-frames  are  placed  with  their  line  of  uj^ia- 
"  3  across  the  building  ;  and  the  card-engines  Iwive  thr 

their  cylinders  pandlel  to  the  long  widl  of  tijc  bull 
^our  or  six  rows,  breakers  and  finishers,  are  placed 
lately. 
The  steam-engine,  or  first  mover,  is  placed  at  one  end  ol 

buildmg,  and  the  motion  ia  communicated  by  a  horl/onta' 

ft  running  the  whole  length  of  the  buildings  ^  " 
lits  the  motion  to  vertical  shafts  with  bevel-w  ! 
'heels  transmit  the  motion  to  bori2ontal  shafts  in  the  uppcf 
loors. 


WOOL  MANUFACTURE. 

This  well-known  staple  is  in  the  process  of  the 
tore  divided  into  two  distirict  classes,  iujtg  woolj  or 
^innhig  ;  and  shtn't  wooiy  or  the  sjmming  cfwooiltH 
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fibfres  would  naturally  follow ;  iuid  iiltboagli  »oine  diffi- 
Ity  might  be  expected  to  occur  in  adapting  the  rallers  to 
different  staples,  yet  this  was  soon  overcome.    The  methods 
^  of  fonning  Uireads  from  long  wool  and  5^ui  dax,  by  the 
liaiid,  were  very  diHercut,  yet  each  was  spun  from  the  middle, 
not  from  the  end,  of  the  respectiie  fibre.     In  hand-spinning, 
the  pluck,  that  is,  the  portion  plucked  from  the  sliver  or 
combed  wool,  was  placed  across  the  fingers  of  the  left  hajid 
and  from  the  thick  part  of  it,  the  fibres  were  drawn,  and 
twisted,   as  the  hand  was  withdrawn  from  the  end  of  the 
spindle,  to  which  it   had   been  previously  attached.      The 
resolution  of  the  wheel,  effected  by  the  right  hand,  conveyed 
by  a  band  to  the  whirl,  or  pulley  on  the  spindle,  produced 
the  requisite  twist  to  give  firmness  to  the  thread ;  and  by  a 
very  gentle  motion  of  the  same   wheel,  the   thread   being 
brougiit  nearly  perpendicular  to  the  spindle,  it  was  wound 
upon  the  spindle  to  form  the  cop.     From  this  it  was  trans- 
.ierred  to  the  reel,  and  became  a  hank,  of  a  definite  length, 
bat  Tarying  in  weight  with  the  thickness  of  the  thread*     In 
tills  state  it  was  transferred  to  the  manufacturer  to  be  con- 
Terted   into    the    difiercnt  fabrics  of    shalloon,    calimanco, 
l^ombajdn,  &c. 

A  few  years  after  the  introduction  of  cotton  machinery,  an 
obscure  individual  of  the  name  of  Hargraves,  previously 
unknown  as  a  mechanic,  who  had  been  long  employed  by 
Messrs.  William  Birkbeck  and  Co.  at  Settle,  in  Yorkshire, 
in  the  management  of  a  bmnch  of  the  worsted  manufactory, 
j  attempted  to  spin  long  wool  by  means  of  rollers.  He  con- 
structed working  models  of  the  necessary  preparing  machinery, 
And  of  a  spinning-frame,  by  the  assistance  of  persons  accus- 
tomed to  the  ccMistruction  of  cotton  machinery,  and  succeeded 
iik>  completely,  as  soon  to  induce  his  employers  to  build  a 
large  mill  for  its  application.  By  degrees  his  plans  became 
Puiown  to  the  trade,  and  many  large  manufactories  have 
|nib0et|uently  been  erected  for  this  purpose.  Contrary  to 
the  e:u*Uer  anticipations  on  this  subject,  it  has  been  found, 
that  mil  I -spun  yam  answers  better  for  the  coarse  as  well  as 
ihe  finer  fabrics,  than  that  produced  by  the  hand,  which  it 
mm  entirely  superseded. 

The  first  process  after  the  wool  of  the  fleece  has  been 
properly  sorted,  as  it  is  termed,  and  washed,  is  combing. 
This  is  either  done  by  the  hand  or  by  machinery,  invented 
^r  that  purpose  some  years  since  by  the  ingenious  Dr.  Cart- 
jrright.  The  object  of  each  mode  is  to  arrange  the  fibres  as 
as  possible  pandlel  to  each  other,  which,  as  they  have 
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somewhat  tortaous  fonn,  and  are  of  considerable 
'quires  thcni  to  be  frequently  drami  from  each  other  bi 
tertion  of  the  strength  of  the  wool-comber  or  the  m; 
tins  state  they  form  a  bundle  of  fibres  about  six  fe 
leni^h,  called  a  sliver,  aud  tbU  being  laid  upon  the  btrctA' 
ing  or  drawuFg  frame,  constitutes  the  commencement 
preparing  process,  The  wool  passes  through  several 
pollers  of  which  the  first  and  la^t  are  of  course  the  esi 
^nes,  the  intermediate  moving  with  equal  vclociticit,  aodl 
ronsequently  serving  merely  to  conduct  the  skein :  ihia  if 
jceived  in  cylindrical  cans;  and  three  such  skeins  bcin^^ 
passed  through  anotlier  dra^ving-frame,  and  stretched  in  their 
progress,  become  fitted  for  roving,  the  last  step  in  the  pre* 
paratory  processes.  Allowing  for  the  difference  in  distaace 
of  rollers  and  weights,  which  on  account  of  the  leiv"*^'  ^"J 
fulliebiveness  of  the  fibres  of  wool,  are  both  in 
greater  than  with  cotton,  the  description  of  the  1>  V' 
machine  already  introduced,  will  be  sufficiently^  • 

Spinning,  the  concluding  process,  is 
two  pairs  of  rollers  moving  with  uneij^ua 
mediate  auxiliaries. 

I      Tlie  loosely  twisted  thread  ftxim  ihe  roviug  bobbin,  E,  ii 
nrricd  Ibrvrards  by  Uie  holdiog  rollers  A,  a,  and  support- 
by  Uie  two  paire^  C,  c,  and  D,  d.     It  is  ihen  drawn  belweti 
aiid   having  been  thus  brought  to  a  proper  thickness,  h 
flier  L,  fixed  on  the  lop  of  the  spindle,  through  which  :ii  I 
then  taken  up  by  the  bobbin  M,  which  moves  roui 
oxis,  although  not  equally  quick.    The  ultimate  tin 
thread  iii>  deternuned  by  the  dillerence  oi  velocity  in  ili^ 
psiirs  of  rollers ;  that  is  of  A,  a,  and  B,  A,  which  in  th. 
imttale  a  pair  of  hands.    The  eelerity  of  the  three  pai 
the  back  of  tlie  frame  is  equal ;  consequently  no 
Hjnongst  thern.     The  'ipper  rollers  of  the  ftrsi  and   i,i,i   \ 
down  upon  the  lower, by  weights,  F,  G,  much  heavier  than 
s^ipr.ortf^il  },\.  iii.v  r^vH^^  of  C,  Dj  these  being  only  requ'*    ! 
y  111  prevent  tlie  remote  ends  oj 

^  '  11,  A,  are  pulling  their  other  e 

10  one  division,  or  box,  us  it  is  c 
1-'  409,  where  the  drum,  which  movc^ 

btvtiU^iiiiun  at  the  loo  of  itu  axis  conveys  motion  to  llic  rolicns,; 

lown.     Tne  pinion  on  tJie  right  extremity  of  thu  roller,  uctiog 

nin  of  wheehj  properly  adjusted,  imparls  the  reqaiml  reUuv^  mc 

iccessioii,  to  the  fillers  bey  on  d. 

8HORT  WOOL. 


Shout  wool  in  wrought  into  the  finest  clotht  for 
^^^^^  imd  is  Hpun  in  a  naaoner  similar  to  cotton^  u  dttcdbed 
nn  jcnny-fipinaing. 
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The  first  etage  of  the  miiDufjicture  consists  in  submitting 
H  to  the  action  of  chaniber-ley  and  frequent  rinsuigs  in  clean 
,  which  bring  it  to  the  state  fit  for  tljc  operation  of 
iug.  The  carding- engine  for  fine  »hort  wool  is  con- 
structed with  one  main  cylinder,  having,  in  lieu  of  the  top 
csunda  used  In  jenny-spinning,  numerou8  Bmall  rollerg^  lyhig 
and  rolling  upon  its  upper  surface  ;  it  is  used  in  place  of  n 
brr?!V'^r-+^ngine,  and  in  called  a  scrihhltr.  The  wool  is  deli* 
▼c:  I  a  main  cylinder  to  a  dotfcr,  and,  being  combe4 

or  uortPft^  is  carried  to  another  engine,  called  the  c^rder^ 
which  perfects  the  carding,  and  delivers  it  off,  by  means  of 
^rf>ovea  mahogany  rollers,  in  a  row  or  rowan,  as  in  jcnoy- 
uptiining.  If  the  avooI  is  of  a  coarse  description,  such  as  ig 
fortiied  into  yam  for  the  manufacture  of  coarse  cloths  or 
woollen  cords,  more  carding  is  required. 

The  seribbler-c?fght€  has  three  distinct  parts  or  cylinders 
in  one  frame.  The  first  part  consists  of  the  first  main  cylin- 
der with  its  top  rollers,  and  is  called  the  breast ;  this  delivers 
the  wool  to  the  second  main  cylinder,  which,  wiih  its  top 
rollers^  is  called  the  first  part;  this  delivers  it  to  a  small 
Interrening  cylinder,  called  the  'tween  doffer,  which  carries 
It  to  the  third  main  cylinder,  which,  with  its  top  rollers,  Is 
c^led  the  second  part ;  from  hence  it  goes  to  the  last  doffer 
cylinder,  from  which  it  is  combed  by  a  doffing-plate,  and 
finally  carried  by  hand  to  a  carding- engine, 

TTje  cardijig-ejigine  consists  of  similar  parts  to  the  scrib- 
Wer-engine,  except  that  it  has  no  breast  cylinder,  and  is 
cohered  with  finer  cards  :  its  last  doffer  delivers  the  wool  to 
a  mahogany  grooved  roller,  which  forms  it  into  rowans  for 
tbeprocess  of  spinning. 

t1j€  act  of  continuous  carding,  as  described  in  mule-spin- 
ning in  the  cotton  manufacture,  is  said  to  have  been  effected 
lo  some  mills,  but  the  advantages  arising  from  it  ore  not  so 
great  as  to  procure  it  general  introduction. 

The  rows  or  rowans  are  taken  to  a  roving-billy,  which  we 
have  already  noticed  in  jenny-spinning,  and  is  spun  and 
stretched  by  hand  as  there  described.  In  this,  however,  the 
act  of  plying  and  drawing  is  not  introduced,  as  fineness  of 
jam  is  not  the  object  sought. 

The  engines  used  in  carding  wool  are  generally  larger 
than  those  used  for  cotton,  bemg  frequently  six  feet  wide ; 
dunng  the  operation  of  carding,  the  wool  is  copiously  sprinkled 
wUb  rape  oil. 
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SILK  MANUFACTURE. 


Silk  is  a  very  fine  and  delicate  thready  the  produce  of  a 
amall  insecty  called  bombyx,  or  the  silk-wonn }  which  is  not 
less  curious  on  account  of  the  changes  it  undergoes  in  its 
iexistence,  than  valuable  for  the  beautSul  fibre  which  it  spins. 
The  eggf  requiring  not  the  care  of  parental  incubation,  is 
by  the  solar  heat  brought  into  existence^  and  the  bombyx  or 
sUk-worm  thus  produced  lives  upon  the  leaves  of  the  mul- 
berry-tree until  it  has  arrived  at  maturity^  when,  spinning 
itself  jup  in  a  sniall  hv^,  about  the  size  of  a  pigeon's  egg,  it  is 
changed  into  an  aurel^  In  this  state  |t  CQqtinues  till  about 
the  fifteenth  day  when  it  is  changed  into  a  butterfiyi  and,  if 
not  prevented,  eats  its  way  through  the  silken  prison,  to 
expand  its  newly  acquired  win^  in  the  sun. 

The  ball  or  cocoon,  which  the  ingenious  little  insect  has 
been  at  so  much  pains  to  spin,  to  secure  itself  firom  its 
enemies  and  the  efltects  of  the  weather,  is  the  substance  we 
call  silk;  and  many  who  have  examined  it  with  attention 
are  of  opinion  that  it  will  ext^d  to  ^e  distance  of  six  English 
miles. 

In  order  to  secure  the  silk  foi  the  purposes  of  the  manufiic- 
turer,  it  becomes  necessary  to  destroy  the  insect  so  soon  as 
the  cocoon  is  completed,  which  is  on  or  about  the  tenth  day. 
The  cocoon  is  of  various  colours  ;  but  the  most  prodomiimnt 
are  flesh  colour,  orange,  and  yellow.  The  whole  of  them,  how- 
ever, are  lost  in  the  process  of  scouring  and  dying,  and  there- 
fore it  is  not  necessary  to  wind  them  on  separate  reels. 

The  balls,  preparatory  to  being  wound  off  into  skeins  or 
hanks,  are  immersed  in  hot  water,  which  dissolves  a  natural 
gum,  by  which  the  fibres  are  united  together,  so  that  a  single 
thread  taken  from  the  reel  will  be  found  to  be  composed  of 
numerous  small  fibres  or  threads  in  the  state  produced  by  the 
worm. 

The  silk  is  imported  into  this  country  thus  wound  off  into 
skeins,  and  in  order  to  undergo  the  processes  of  the  manu- 
liEU^turer  is  wound  upon  bobbins ;  and  each  thread  being,  as 
we  before  have  stated,  composed  of  several  fibres,  receives  a 
pertain  degree  of  twist,  that  the  constituent  parts  may  be 
united  more  firmly  together  than  they  can  possibly  be  by  the 
gum  alone.  When  they  have  been  subjected  to  thus  much  of 
the  manufacture,  they  are  wound  upon  fresh  bobbins,  and  two 
pr  three  threads  twisted  together,  to  form  a  strong  thread  for 
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le  weaver,  wbo  warps  and  finally  weaves  the  silk  into  various 
beautiful  and  useful  articles,  by  a  process  very  similar  to 
that  used  in  the  weaving  of  cotton  and  Hiien, 

Id  Piedmont,  where  very  excellent  silk  is  produced,  the  manufacture  is 
orrled  on  by  aid  of  ihe  silk  reel  represented  in  fig.  424. 

The  balls  or  cocoons  are  thrown  into  hot  water  contained  in  a  copper  basin 
OP  boiler.  A,  about  18  inches  in  length,  and  six  deep,  set  in  brick-work,  to 
as  to  admit  of  a  small  charcoal  fire  beneath  it.  B  B  is  a  wood  frame  sustain* 
ing  several  paru  of  the  reel ;  D  is  the  reel  upon  which  the  silk  is  wound ;  C 
is  a  guide  which  direcU  the  thread  upon  it ;  and  E  F  tlie  wheeUwork  which 
gives  motion  to  the  i^uide.  The  reel  D  is  merely  a  wcoden  spindle,  having 
four  arms  mortised  into  it  to  support  the  four  balleua  or  rails  on  which  the 
silk  is  wound. 

Upon  the  end  of  the  wooden  spindle  of  the  reel,  and  within  the  frame  B> 
M  a  wheel  of  22  teeth,  which  gives  motion  to  another  wheel  C,  fixed  upon 
the  end  of  tlie  inclined  axis  E  Fj  and  having  twice  the  number  of  teeth ;  at 
the  end  of  this  inclined  axis  is  another  wheel  G,  of  22  teeth,  playing^  in  a 
Wnzontat  cog-wheel  with  35  teeth.  This  wheel  turns  upon  a  pivot  fixed  in 
the  frame,  and  has  a  pin  fixed  in  it  at  a  distance  from  the  centre,  to  form  aa 
eccentric  pin  Or  crank,  and  give  a  backward  and  forward  motion  to  the  slij,'hl 
vouden  rail  or  layer  C,  which  ^ides  the  threads  upon  tlie  reel;  for  this  pur- 
pose, the  threads  arc  passed  throuch  wire  loops  or  eyes,C,  fixed  into  the  layer, 
and  the  end  thereof  opposite  the  wheel  and  crank  F  is  supported  in  a  mortise 
or  an  opening  made  in  the  frame  B,so  that  the  revolution  of  the  crank  will 
eausethe  layer  to  move,  and  carry  the  threads  altemalely  towards  llie  right 
or  left.  Tiiere  is  likewise  an  iron  bar  H,  fixed  over  the  boiler  at  II,  and 
pierced  witli  two  holes,  through  which  the  threads  pass  to  guide  them. 

In  the  operation  of  reeling,  it  is  well  known,  that  if  the 
thread  be  wound  separately  it  will  be  totally  unfit  for  the  pur- 
poses of  the  manufacturer ;  consequently  the  ends  of  the 
threadti  of  several  balls  or  cocooos  are  joined  and  wound  to- 
gether, and  when  any  one  of  them  breaks  or  comes  to  an  end, 
its  place  is  supplied  by  a  new  one,  and  thus  by  continually 
keeping  up  the  same  number  the  united  threads  may  be  wound 
to  any  required  length. 

The  reeling  is  conducted  by  a  woman,  who,  when  the  balli 
or  cocoons  have  remaiutd  a  Bufficieiit  time  in  the  hot-water 
contained  in  the  boiler  A,  to  soften  the  gum,  takes  a  whisk  of 
birch  or  rice-straw,  about  six  inches  long,  cut  stumpy  like  a 
worn-out  broom,  and  brushes  the  cocoons  with  it,  which 
causes  the  loose  threads  to  adhere  to  it ;  these  ahe  disengages 
from  the  whisk,  and  by  dniwing  them  through  her  lingers  cleans 
them  from  the  loose  silk,  which  always  surrounds  the  cocoon, 
till  they  come  off  clean,  which  operation  is  called  la  battue* 
When  the  silk  has  been  perfectly  cleansed,  she  passes  four  or 
more  of  the  threads,  if  she  intends  to  wind  fine  silk,  through 
each  of  the  holes  in  the  ihin  iron  bar  H,  and  afterwards 
twists  the  two  compound  threads,  consisting  of  four  cocoons 
each,  about  20,  or  25  times  rouad  each  other,  that  the  four 
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rndB  in  each  thread  may  the  better  join  together  by  croi 
•  each  other,  and  that  the  thread  of  the  silk  may  be  roi 
which  othcnrise  would  be  flat* 

The  threadij  when  thus  t\nstcd  together  are  passed  througl 
the  eyes  of  the  loops,  C,  of  the  layer,  and  thence  are  canducte^l 
and  made  fast  to  one  of  the  rails  of  the  reel.  As  it  is  of  con* 
sequence  in  tlie  production  of  good  silk,  that  the  thread  should^ 
have  lost  part  of  its  heat  and  gumminess  before  it  touches  thoH 
bars  of  the  reel,  the  Piedmonteee  are  by  law  obliged  to  have 
;88  French  inches  between  the  guides,  C,  and  the  centre  of 
^ihe  reel ;  and  the  layer  must  also,  nnd^r  a  penalty, 
moved  by  cog-wheels  instead  of  an  endless-cord,  which, 
.iuffered  to  grow  slack,  will  cause  the  layer  to  stop  and  m 
'ay  the  threads  distinctly,  and  that  part  of  the  skein  will  be' 
fined  together,  whereas  the  cog-wheel  carmot  fail :  when  the 
ikeins  are  quite  dry,  the  reel  is  removed  from  the  ftame,  and^ 
by  the  folding  of  two  of  its  arms,  by  means  of  hinges,  thiH 
skeins  are  taken  off,  and  with  some  of  the  refuse  silk  are  tied 
into  hanks. 

Although  from  tlic   foregoing  description  the  operatic 
must  appear  very  simple,  it  is  a  matter  of  verj^  great  nicetj 
to  wind  an  even  thread,  and  the  difficulty  of  keeping  ihi 
thread  always  even  is  so  great  that,  except  when  using  t^ 
thread  of  two  cocoons,  they  do  not  aay  a  silk  of  three^  fouTi 
or  six  cocoons ;  but  a  silk  of  three  or  four,  four  or  £ve,  fivt^m 
six  cocoons*     In  a  coarser  silk    it  cannot  be  calculate4^| 
teven  so  nearly  as  to  four  cocoons,  and  consec|U6aUy  they  say, 
)m  12  to  15j  from  15  to  20,  and  so  on. 
It  is  alsi*  necessary  that  the  water  in  the  boiler  be  kept  at 
certain  temperature;  for  if  the  water  is  too  hot,  the  thread 
dead  and  has  no  body  ;  if  too  cold,  the  ends  of  the  threada 
to  not  join  well,  and  form  a  harsh  silk.     The  threada  them- 
jlves  indicate  when  the  water  is  not  at  the  proper  degree  of 
jmperature,  by  frequent  breaking  when  it  is  too  hot ;  and 
joniing  off  entangled,  and  in  a  woolly  state,,  when  too  cold. 
In  the  process  of  winding  the  woman  has  always  a  bowl  of 
^Id  water  by  her,  into  which  she   occasionally  dips   her 
mgers,  and  frequently  sprinkles  it  upon  the  iron  bar  H,  tht 
|the  threads  may  not  be  burnt  by  tlie  heat  of  the  basin  5  it  alsc 
Tves  to  lessen  the  temperature  of  the  water  in  the  boil 
rhen  approaching  the  boiling  point. 

All  kinds  of  silk  which  are  hiinply  drawn  from  the  cocooi 
>y  the  process  of  reeling  arc  called  raw  silk,  and  is  denomi*1 
lated  coarse  or  fine  according  to  the   number  of  fibres 
which  the  thread  is  composed.     In  preparing  the  raw  silk  for 
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kg  tbc  llifead  is  slightly  iwiated,  in  order  to  enable  it  to 

the  actioti  of  the  hot  liquor  without  the  fibres  separating 

\ug  up*    The  silk- yarn  employed  by  the  weavers  for 

or  weft  of  the  stuffe  which  they  fabricate,  is  coujpof^ed 

or  more  threads  of  the  raw  silk,  slightly  twisted  by  the 

CDAchinery ;  and  the  thread  employed  by  the  btocking- 

is  of  the  same  quality,  but  composed  of  a  greater 

of  threads,  according  to  tlic  thickness  required. 

ine  silk  consists  in  combining  together  two  or  more 

«f  i&ilk,  each  of  which  has  in  the  first  instance  been 

by  itself,  and  afterwards  the  whole  are  twisted  toge- 

This  operation,  with  the  exception  of  the  elongation 

cotton,  closely  resembles  roving  in  the  Cotton  Manu- 

Thc  process   consists  of  six  different   operations. 

le  silk  id  wound  from  the  skein  upon  bobbins  ia  the 

liines.     2.  It  is  then  sorted  into  different  quali- 

s  spun  or  twisted  on  a  mill  in  the  single  thread, 

ist  being  in  the  directioti  of  from  right  to  left,  and  more 

tigfat^  as  the  purposes  to  which  tiie  silk  is  to  be  applied 

luirc.    4.  Two  or  more  threads  thus  spun  are  doubled 

together  through  the  fingers  of  a  woman,  who  at 

time  cleans  them,  by  taking  out  the  alubs  which 

itftbeen  left  in  the  silk  by  the  negligence  of  the  foreign 

d.  It  is  then  thrown  by  a  mill,  that  is,  two  or  more 

arc  twisted  together,  either  slack  or  hard,  &&  the 

may  require ;  but  the  twist  is  in  an  opposite 

la  to  the  first  twist,  and  it  is  wound  at  the  same  time 

sins  upon  a  reel.     G.  The  skeins  are  sorted  according 

different  degrees  of  fineness,  and  then  tlic  process  is 

fint  operation  which  the  raw  silk  undergoes  is  winding, 
ly  drawing  it  off  from  the  skeins  in  which  it  is  imported, 
tding  it  upon  wooden  bobbins,  in  which  state  it  can 
the  other  machines. 

rb  of  the  skeins  is  extended  upon  a  slight  reel  called 

swift, ;  it  is  composed  of  four  small  rods,  fixed  into  an  axis, 

tail  bands  of  string  are  stretched  between  the  arnw  to 

re  the  skein,  but  at  the  same  time  the  bands  admit  of 

to  a  greater  or  less  distance  &om  the  centre,  60  as  to 

the  effective  diameter  of  the  reel,  according  to  the 

of  the  skoin,  because  the  skeins,  which  comes  from  dif- 

it  countries,  rary  in  size,  being  generally  aii  exact  >'ard, 

icr  siiniilar  measure,  of  the  country  where  tlie  silks  are 

;cd.     The  at^ifts  are  e^upported  upon  wire  pivots,  upon 

they  ttini  freely  wheri  the  &ilk  ia  drawa  oH  from  Uiem ; 
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■but  in  order  to  cause  the  thread  to  draw  with  a  gentle  force, 
a  looped  piece  of  string  or  wire  is  hung  upon  the  axis  nithin^H 
side  the  reel,  and  a  small  leaden  weight  is  attached  to  it^  li| 
procure  friction.     The  bobbins  which  draw  off  the  threads  are 
received  in  the  upper  part  of  the  frame,  and  are  turned  by 
means  of  a  wheel  beneath  each,  the  bobbin  having  a  snkall 
["roller  upon  the  end  of  it,  which  bears  by  its  weight  upon  the 
circumference  of  the  wheel,  and  the  bobbin  is  thereby  put  in 
motion  to  draw  off  the  silk  from  the  swift.     A  small  light  rod 
of  wood,  called  a  layer,  which  has  a  wire  eye  fixed  into  it,  is 
placed  at  a  little  distance  from,  and  opposite  to,  each  bobbii 
uo  as  to  conduct  the  thread  thereupon  ;  and  as  the  layer  oiovi 
constantly  backwards  and  forwards,  the  thread  is  regularh 
spread  upon  the  length  of  the  bobbin.     The  motion  of  thi^ 
layer  is  produced  by  a  crank  fixed  upon  the  end  of  a  cross- 
Bpindle,  which  is  turned  by  means  of  a  pair  of  bevelled  wheeU^ 
from  the  end  of  the  horizontal  axle,  upon  which  the  wheels  fo^| 
tuniing  all  the  bobbins  are  fixed.  ^^ 

These  ^Finding-machines  are  usually  double,  to  contain  a 

^row  of  bobbins  and  swifts  at  the  back  as  well  aa  in  front. 

Two  of  these  double  frames  arc  put  in  motion  by  cog-wheels 

from  a  vertical  ^haft,  which  ascends  from  the  lower  apart^ 

nients  of  the  mill,  where  the  twisting-machines  are  placed. 

The   winding-machines    require   a  constant   attendance   of 

|f  children  to  mend  the  ends  of  threads  which  are  broken ;  or 

-when  they  are  exhausted^  they  replace  them  by  putting  new 

'nkeins  upon  the  swifts.     When  the  bobbins  are  filled,  tliey 

^are  taken  away,  by  only  lifting  them  up  out  uf  their  frame; 

and  fresh  ones  are  put  in  their  places. 

A  patent  has  been  lately  taken  out  by  Messrs.  Gent  and 
^Clarke,   for  a  new  construction  of  the  swifts  for  wiodin^- 
lachines  :  they  are  made  with  six  single  arms,  instead  of  four] 
louble  ones ;  and  the  arms  are  small  flat  tubes  made  to  con- 
tain the  stems  of  wire  forks,  which  receive  the  skein,  instcj 
if  the  bands  of  string  in  the  common  swifts.     Theae  forks' 
fadmit  of  drawing  out  from  the  tubes  until  the  swift  be  sufli- 
Ecicntly  enlarged  to  extend  it ;  but  as  they  extend  the  skein i 
at  six  points  instead  of  f(jiir,  as  in  the  cooimon  ones,  the 
^motion  is  more  regular.     Instead  of  the  weight  which  causes 
he  friction,  a  spring  is  used  to  press  upon  the  end  pivot  of 
[the  axis,  and  make  the  requisite  resistance. 

The  twisting  of  the  silk  is  always  performed  by  a  spindle 
id  bobbin,  with  a  flyer,  but  the  construction  of  the  raachiue 
frequently  varied.     The  limits  of  our  plate  do  not  admit] 
a  representation  of  the  great  machines,  or  throwsting-miil^ , 
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al  tbeir  full  extent ;  but  the  principle  is  the  same  as  fig-.  420, 
wMch  we  have  extracted  from  Dr.  Rees's  Cyclopadia,  varying 
the  description  a  little,  to  agree  with  the  present  improved 
stjkte  of  the  raunufacture. 

In  fig.  426,  we  have  jfiven  a  drawing  of  a  small  machine,  which  is  similar 
in  llie  parts  which  ad  upon  the  itik;  and  indeed  many  mills  employ  such 
machines  conslrucied  on  a  large  scale.  The  one  in  our  plate  contains  only 
thirteen  spindles,  and  is  intended  to  be  turned  6y  hand,  a  method  which  ii 
too  expensive  for  this  country,  but  is  common  in  ilie  soutli  of  France,  where 
m^nv  rutfjans  purchase  their  silk  in  the  raw  state,  and  employ  their  wives 
o'  to  prepare  it  by  these  machines,  which  they  call  wa/«,  became 

W  ^.  6  A,  are  arranged  in  an  oval  frame,  G  H. 

a  ;.s  \\xM  handle  by  which  the  motion  is  grfen;  it  is  fixed  on  the  end  of  ti 
spindle  H,  which  carries  a  wheel  D,  to  gire  motion  to  a  pinion  upon  the 
Bjper  end  of  a  vertical  axle  E  j  this,  at  the  lower  end,  lias  a  tlrum  or 
WMet  F,  to  receive  an  endless  strap  or  band,  a  a,  which  encompasso  the 
frAme  n,  and  drives  mo*ion  to  all  the  spindles  at  once.  The  spindles  6  A  ar* 
placed  perpendicularly  in  the  frame  G  H,  Uieir  points  resting  in  small  holes 
m  pieces  of  metal,  which  are  let  into  the  oval  plank  G;  and  ili^-  .r.;,,,ii  ,*, 
are  also  received  in  collars  affixed  to  an  ovhI  frame  II,  which  is 
from  the  plank  G,  by  blocks  of  wood  ;  d  and  a  »ire  small  rfillers  sti] 

frame  G  H,  in  a  similar  manner  lo  the  spindles  ;  their  use  is  to  ccvntine 
strap  a,  to  press  agiiiost  the  ioll«;rs  of  the  spindles  witli  sudicieat  force  to 

them  all  in  motion, 
he  ihrtad  is  taken  up,  as  fast  as  it  is  twisted^  by  a  reel  K,  which  is 
ted  by  a  wheel  A,  and  a  pinion  f,  upon  the  end  of  the  principal  spindle  R. 
t^  threads  nre  guided  by  passing  through  wire  eyes,  fixed  in  an  ovrI 
ke  L,  which  is  supported  in  the  frame  of  th«  machine,  by  a  single  bar  or 
l(^  and  this  has  a  re^^lar  traversing  motion  backwards  aod  forwatds, 
means  of  a  crank  or  eccentric  pin  R,  fixed  in  a  small  cog-wheel,  which 
turned  by  a  pinion  upon  the  vertical  axis  E ;  the  opposite  end  of  the 
III  Ms  suiTported  upon  a  roWer,  to  make  it  move  easily.  Hy  this  means 
\  gutdcrs  are  in  constant  motion,  and  lay  the  threads  regularly  upon  the 
;1  K,  wtieo  it  turns  round,  and  gathers  up  the  silk  upon  it  as  showu  io  the 
in:. 
'Oii«  of  the  snindles  is  shown  at  r  without  a  bobbin,  but  all  the  othcnt  are 
►resented  as  ocing  mounted  and  io  action.  A  bobbin,  e^  is  fitted  upon 
spindte,  by  the  hole  through  it  being  adapted  to  the  conical  form  of 
i^le^  but  in  such  manner  tlial  the  bobbin  is  at  liberty  to  turn  freely 
upon  the  spiudle  ;  a  pie^e  of  hardwood  is  stuck  fast  upon  each 
>,  jual  above  the  bobbin,  and  has  a  small  pin  entering  iuto  a  hole  in 
the  fop  of  the  spindle,  so  as  to  oblige  it  to  revolve  with  the  spindle,  this 
niece  of  wood  has  the  wire-ilyer,  A,  fixed  to  it ;  the  flyer  is  formed  into  eyes 
Bi  the  two  extremities  ;  one  is  turned  dovm,  so  as  to  stand  opposite  to  the 
■addle  of  ihe  bobbin  e;  and  the  other  arm,  A,  is  bent  upwards,  so  that 
the  eye  is  exactly  over  the  centre  of  the  spindle,  and  at  a  height  of  some 
Indies  above  the  top  of  the  spindle.  The  thread  from  the  bobbin,  *,  is 
inned  throiJ\;h  botn  the  eyes  of  this  wire,  and  must  evidently  receive  a 
twist  when  the  spindle  is  turned  ;  and  at  the  same  time,  by  drawing  up  tho 
'•  •  '  ■■  |itr  eye,  A,  of  the  flyer,  it  wiU  turn  the  bohbin  round, 
I'he  rate  at  wliich  the  thread  is  drawn  off  from  the 
u  the  number  of  revohitions  which  the  flyers  miike  in 
tcrmine  the  twist  to  be  more  or  less  hard-  This  circum- 
*  d  by  the  proportion  of  the  wheel  A  to  the  pinion  ^  fKim 
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iMSdh  it  reothrei  motion ;  and  these  can  be  changed  when  it  it  feq«ifed  to 
•p'n  different  kinds  of  silk. 

The  operation  of  the  machine  is  very  simple.  The  bobbins  filled  wxtfa 
iilk  in  the  winding-machine,  fig.  425,  are  put  loose  (ipon  the  spindles  at  e, 
Uid  the  flyers  are  stuck  fast  upon  the  top  of  the  spindles ;  the  threads  are 
conducted  through  the  eyes  of  the  flyers  by  and  of  the  layers  L,  and  are  then^ 
made  iast  to  the  reel  K,  upon  which  it  will  be  seen  that  there  are  double 
the  number  of  skeins  to  that  of  the  spindles  represented,  because  one  half 
of  the  number  of  spindles  is  on  the  opposite  sine  of  the  frame,  so  that  they 
are  hidden.  With  this  preparation  the  madiinc  is  put  in  motion,  and 
continues  to  spin  the  threads  by  the  motion  of  the  flyers,  and  to  draw  them 
off  gradually  from  the  bobbins,  until  the  skeins  upon  the  reel  are  made  up 
to  the  requisite  lengths.  This  is  sometimes  known  by  a  train  of  wheel-work 
at «  oj),  consisting  of  a  pinion,  n,  fixed  upon  the  principal  spindle  R, 
turning  a  wheel,  o,  which  has  a  pinion  fixed  to  it,  and  turning  a  larger 
wheel  p ;  this  has  another  wheel  upon  its  spindle,  with  a  pin  fixed  in  it, 
and  at  every  revolution  raises  a  hammer  and  strikes  upon  a  bell, «,  to  inform 
the  attendant  that  the  skeins  are  made  up  to  a  proper  length. 

In  the  silk-mills  they  employ  two  different  machines,  one 
for  the  first  operation  on  organzine,  and  the  other  for  the^ 
second  operation. 

Thus,  after  the  silk  is  twisted  it  must  be  wound  on  fresh 
bobbins,  with  two  or  three  threads  together,  preparatory  to 
twisting  them  into  one  thread.  In  the  original  machines  at 
Derby  this  was  done  by  women,  who,  with  hand-wheels^ 
wound  the  threads  from  two  or  three  of  the  large  bobbiu» 
upon  which  the  silk  is  gathered  instead  of  the  reels,  and 
assembled  them  two  or  three  together  upon  another  bobbiuy 
of  a  proper  size  to  be  returned  to  the  twisting-mill. 

In  1800,  Mr.  John  Sharrar  Ward,  of  Bruton,  obtained  a 
patent  for  a  new  method  of  doubling  silk,  worsted,  cotton,  or 
flax, which  we  intend  to  describe  here;  for  though  various 
modes  are  adopted  for  this  purpose,  one  will  be  sufficient  to 
give  an  idea  of  the  whole.  Whatever  number  of  threads  may 
be  required  to  be  doubled  togetl^er,  they  may  by  means  of 
this  invention  be  doubled  to  the  greatest  certainty ;  for  if  at 
any  time  any  one  of  the  threads,  or  union  of  threads,  to  be 
so  doubled,  should  break,  it  will  immediately  stop  the  other 
thread  or  threads  until  the  broken  thread  shall  be  repieced, 
which  secures  a  constant  double  thread,  or  union  of  threads ; 
and  the  manner  in  which  the  same  is  to  be  performed  will^  we 
trust,  be  dearly  understood  by  the  subjomed  description. 

Fig.  429.  A  ij  a  roller  carryinf;  round  the  bobbin  B,  which  draws  the 
threads  C  C  from  the  bobbins  D  D ;  oonieqnently  the  balls  £  E,  and  the 
thread-wires  F  F,  move  round  on  the  pins  G  G.  H  H  are  two  wood  or  iron 
standards,  at  the  tops  of  which  are  hung  two  regulating  thread-wires,  1 1. 
When  either  of  the  threads  C  C  break,  the  thread-wire  through  which  it 
passes  falls  down,  and  the  tail  part  K  rises  up  to  a  level  with  the  ball  £,  and 
■tops  the  other  thread-wire  firom  going  round,  and  consequently  the  thread 
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thsft  passes  throvigh  it^  and  prevents  the  bobbin  B  from  taking  It  up ;  but 
tbB  roUer  A  continues  its  motion,  LL  are  fuide^wires  for  ihe  threads  to 
pft59  over  ;  M  is  a  slide,  moved  by  a  shoit  wheel  or  craiik^  to  hy  llie  ihreadj 
level  on  the  bobbiiiii. 

Fig.  430  is  another  doubling-mnehine,  the  form  varied,  but  the  principle 
the  same  as  fig.  429.  A  is  a  roller,  whereon  lies  a  smaller  one,  marked  B, 
the  axis  of  which  goes  through  the  bobbiD;  C  is  a  slide,  for  tlie  a^rae  pur^* 
pose  as  M,  in  fig,  429  ;  D  D  two  bobbins,  with  spindles  through  ihem,  on 
each  of  which  lii  fixed  a  wheel  E  E ;  F  F  are  two  thread-wires  hung  at  G  G, 
When  either  of  the  threads  break,  the  wires  drop  between  the  teeth  of  the 
>vhee^  and  slop  the  other  thread,  the  bobbin  and  roller  IJ  stopping  at  the 
same  time ;  but  the  roller  A  continues  moving,  a:$  A  in  fig.  429. 

The  bobbins  being  thus  filled  with  double  or  triple  threads, 
ntt  carried  back  to  the  throwstijig-maehine,  and  are  there 

rn  or  twisted  together  in  a  manner  Bimilar  to  that  before 
cribed.     At  this  period,  the  srilk  is  a  marketable  article, 
aDd  is  passed  froDi  hand  to  hand. 

The  silk  being  now  spuiij  h  pnt  into  a  boiler  filled  with  hot 
water,  into  which  is  put  a  small  quantity  of  soap,  ia  order  to 
divest  the  silk  of  its  guiu.  In  the  earlier  processes,  the  gtim 
was  necessary  for  the  purpoaeR  of  the  manufacture,  for  the 
silk,  had  it  been  divested  of  it,  would  have  assumed  a  fine 
downy  appearance  similar  to  that  of  cotton,  and  must  have 
undergone  similar  operations  before  it  could  have  been  formed 
into  a  thread ;  this,  indeed,  is  necessary  for  that  portion  of  waster 
silk  which  is  drawn  from  the  cocoons  in  the  first  operation 
of  reeling ;  also  for  those  cocoons  which  hare  been  reserved 
for  breed,  or  which  is  made  in  the  operations  of  twisting  just 
mentioned,  through  which  the  moth  or  butterfly  ha*  eaten 
a  hole,  and  rendered  them  impracticable  to  be  wcmAd  off 
Into  silk. 

The  silk  is  now  taken  to  the  warping-miH,  wliich,  being  * 
precursor  to  the  act  of  weaving,  will  be  noticed  under  that  head. 

At  this  present  moment  several  improvements  are  in  pro-* 
gress  for  winding  and  throwing  silk  upon  a  new  principle  f 
hideed,  the  silk  manufacture  now  may  be  compared  witlt  what 
the  cotton  manufacture  was  about  thirty  years  ago.  There 
appears  to  be  taking  place  in  every  department  the  same 
j;rcat  aTul  rapid  ituprovements ;  and  it  is  mtich  the  opinion 
of  practical  men,  that  the  machinery  now  in  use  will,  in  the 
course  of  a  very  few  years,  be  entirely  superseded,  and  that 
this  branch  of  our  manufactures  will  ultimately  be  almost,  if 
not  quite,  as  great  a  source  of  national  prosperity  as  the 
cotttm  m«nuf:ictare. 

The  art  of  tli rowing  silk  was  first  introduced  into  this 
connlry  by  Mr,  John  Lombe,  who,  with  considerable  inge- 
ttuitv*  and  at  the  risk  of  his  life^  took  a  pku  of  one  of  tbeit 
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compKcflted  machines  in  the  king  of  Sardinia's  dominions 
from  which,  oo  his  return,  he,  in  conjunction  with  Mr. 
Thomas  Lomhe,  established  a  similar  set  of  mills  at  Derby^ 
Parliament  granted  them  a  patent  for  fourteen  years ;  and,  on 
being  petitioned  at  the  end  of  that  term  for  a  renewal,  granted 
them  14,000/.  instead,  on  condition  that  they  should  allow 
a  perfect  model  to  be  made,  and  placed  in  the  Tower  for 
public  inspection. 

FLAX  MANUFACTURE. 

Flax  undergoes  various  processes  before  it  can  be  worked- 
into  cloth  or  other  articles ;  these  processes  are  very  different, 
and  require  different  sorts  of  implements  and  machinery,  in 
order  to  their  being  jjroperly  penbrmed.  Flax,  for  the  pur-, 
pose  of  being  formed  into  cambric,  fine  lawn,  thread,  and  lace, 
18  dressed  in  rather  a  different  manner  to  that  which  is  em- 
ployed for  other  purposes ;  it  is  not  scotched  so  thoroughly 
as  common  flax,  which  from  the  scotch  proceeds  to  the  heckle,, 
and  from  that  to  the  spinner  \  whereas  this  fine  flax,  after  a. 
rough  scotching,  is  scraped  and  cleansed  with  a  blunt  knife 
upon  the  workman's  knee,  covered  with  his  leather  apron ; 
from  the  knife  it  proceeds  to  the  spinner,  who,  with  a  brush, 
made  for  the  purpose,  straightens  and  dresses  each  pared 
before  she  begins  to  spin  it. 

In  the  Swedish  Transactions  for  the  year  17^7*  a  method 
is  given  for  preparing  flax  in  such  a  manner  as  to  resemble 
cotton  in  whiteness  and  softness,  as  well  as  in  coherence  y 
for  this  purpose,  a  little  sea- water  is  directed  to  be  put  into 
an  iron  pot,  or  an  untinned  copper  kettle,  and  a  mixture  of 
equal  parts  of  birch-ashes  and  quick-lime  strewed  upon  it , 
a  small  bundle  of  flax  is  to  be  then  opened  and  spread  upon 
the  surface,  and  covered  with  more  of  the  mixture,  and  the 
stratification  continued  till  the  vessel  is  sufficiently  filled. 
The  whole  is  then  to  be  boiled  with  sea-water  for  ten  hoursj,- 
fresh  quantities  of  water  being  occasionally  supplied  in  pro- 
portion to  the  evaporation,  that  the  flaxy  matter  may  never 
become  dry.  The  boiled  flax  is  to  be  immediately  washed  in 
the  sel^  by  a  little  at  a  time,  in  a  basket,  with  a  smooth  stick 
at  first,  while  hot  \  and  when  grown  cold  enough  to  be  borne 
by  the  hands,  it  must  be  well  rubbed,  washed  with  soap.  Laid 
to  bleach,  and  turned  and  watered  every  day  for  some  time. 
Repetitions  of  the  washing  with  so^  expedite  the  bleaching; 
after  which,  the  flax  is  to  be  beat,  and  again  well  washed) 
when  diy,  it  is  to  be  worked  and  ciurded  in  the  same  manner 
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•a  conmioti  cotton,  and  preaaed  between  two  boardd  far  forty ^ 
eight  hours.  It  is  now  fully  prepared  and  fit  for  use.  It 
loses  iu  this  process  nearly  one-half  its  weight,  which,  bow* 
ever,  is  abundantly  compensated  by  tbe  improvement  made 
in  its  quttiity,  and  its  fitness  for  the  finest  purposes. 

Ttke  JhJt'^ruke  is  a  hand  instrument,  or  machme,  which  was  origiaanyf 
•nd  (ot  tMny  ftg^,  chietly  employed  ia  breaking  and  separating  the  boon  or 
core  from  the  flax,  which  is  the  cuucle  or  bark  of  the  plant.  In  nerformingr 
this  business,  the  flax  bein^  held  lo  the  left  band,  across  the  three  under 
teeth*  or  swords  of  the  brake,  shown  at  A,  figs.  432  and  433,  the  upper 
teeth  or  swords  B,  fig.  432,  and  k,  fig.  433,  ore  then  with  the  nght  band 
«|iuckly  and  often  forced  down  upon  the  flax,  which  is  artfully  shifted  and 
tORied  with  the  left  hand,  in  oraer  that  it  txixy  be  fuUy  and  completely 
broken  in  its  whole  length. 

The  jtiLt  foot-brake  n  an  implement,  or  maehine,  of  the  brake  kind, 
invented  iu  Scotland,  by  which  flax  is  broken  and  scotched  with  mudi 
greater  expedition  than  by  the  hand  instrument  just  described,  and  io  a 
more  gentle  and  safe  manner  Uian  by  the  flax-miU.  By  this  contrivance, 
the  boon  or  stem  is  well  broken,  and  the  sloping  stroke  given  as  with  the 
tcotcher,  while  the  machine  is  moved  by  the  ibot.  The  treadle  is  of  con- 
fidenble  lenij^,  on  which  account  it  is  put  in  motion  with  great  facility^ 
and  assisted  in  it  by  means  of  a  fly.  The  scolchers  are  hxed  upon  the  rii» 
of  a  fly-wheel.  But  though  these  machines  may  be  highly  useful  where 
mills  turned  by  water  cannot  be  established,  they  are  probably  much  inferior 
in  point  of  expedition,  and  the  economy  of  labour.  A  brake  of  this  kind  ia 
represented  in  ditfeient  views,  in  tigs.  434  and  435,  ia  whidi  is  aliowix^  by 
A,  the  three  under  brake-teeth,  or  swords^  seventeen  inches  long,  three 
inches  deep,  one  inch  and  a  qviarter  thick  at  the  backf  and  a  quarter  of  aa 
inch  at  the  fore-part  or  edge, 

B  the  edges,  two  inches  and  three-quartet?  asunder  at  the  end  next  the 
guide  B,  and  two  inches  asunder  at  the  other  end. 

C  displays  the  two  upper  teeth,  about  an  inch  shorter  than  the  onder 
te«th;  and 

D  represents  the  bmke-mallet,  about  thirty-three  pounds  English  weight. 

f  is  a  compound  foot-treadic,  which  is  eight  feet  four  inches  between  the 
fulcra  F,  raised  at  F  e«i:ht  inches  above  the  ground,  or  rather  five  lodiee 
higher  than  the  Unce  of  the  workman  ;  E  ia  two  feet  four  inches  between 
the  fulcra  G,  and  is  raised  at  G  eighteen  inches  above  the  ground  ;  that  is, 
fifteen  inches  higher  than  the  lance  of  the  workman. 

II  the  sword,  or  upright  timber  rod,  which  turns  ihe  wheel  fcy  the  treadle- 
crank. 

f  the  treadte^rank,  of  seven  itkches  and  a  half  radtus. 

the  fly-wheel,  four  feet  and  a  half  diameter,  abote  sixty  pounds 
«h  weight.  As  here  represented,  it  is  beat  or  east  iron;  but  it  may 
be  made  of  timber. 

L  brass  cods  oi  bushes. 

SN  M  the  hfting^rank ;  M  is  fixed  firm  upon  the  axle  of  the  fiy,  while  the 
eruik  m*  about  eight  inches  radius,  plays  freely  round  tbe  axle.  In  position 
first,  M  btetm  to  take  round  the  crank  (which  by  tbe  lever  JH  pulb  ap  (te 
B>eil«c) :  wien  it  comes  to  poeitios  iteiiDd,  the  mallet  is  ^aia  at  Ubtrty, 
and  by  its  wttghi  pulb  up  the  cimak  (ftiiUr  than  the  filed  piec«e  mov«)  tD(« 
popiiton  third. 

It  may  hft  observed  thai  the  treadle-eraak  if  advvnold  iboai  oi 
pert  of  the  circle  before  the  lifting-crank. 

2  D 
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%  a  small  pulley,  which  turns  easily  muid  on  the  end  of  the  crank,  and' 
lo  which  a  topt  is  fixed. 

O  a  piece  of  timber  which  prevents  the  roller  from  fiJling  in  upon  the 
axle,  but  which  should  not  rub  against  the  rope  in  its  coming  down. 

P' shows  where  the  rope  passes  between  two  friction-foUers,  which  are  to 
placed  that  it  comes  down  three  or  four  inches,  or  half  the  radius  of  the 
lifting-crank  on  itM  side  of  the  plummet4ine,  cniising  the  centre  .of  the 
wheel;  that  is,  to  the  side  on  which  the  crank  turns  when  it  pulls  down 
the  rope. 

Q  a  pillar,  which  serves  only  to  support  the  guard  for  the  ropeO,  and  the 
ftiction-roUers  at  P. 

R  the  lever. 

S  the  lever-pillar. 

T  part  of  the  mallct-lrame. 

U  two  pillars  which  guide  the  brake-mallet. 

V  an  iron  spring  which  receives  the  leap  of  the  mallet,  and  throws  it  the* 
quicker  down.  ^ 

W  the  piilnrs  which  support  tlie  fly. 

X  U  the  pillars  which  bear  the  brakc-teetii  and  msUet. 

Y  Y  the  spur  and  cross  that  support  the  pillars. 
Z  Z  the  bottom  frame-piece. 

a  the  broad  stool  upon  wluch  the  workman  stands,  three  inches  above  the 
ground. 

The  lifting  crank  and  pulley  are  shown  separately,  in  difTcrent  views,  at 
M  m  n,  and  m  n. 

The  brake-teeth  arc  made  of  good  beech  or  plane-tree;  the  brake-mallet 
of  plane-tree,  ash;  ehn,  birch,  or  oak ;  and  the  swo^d,  or  upright  timber-rod, 
between  the  treadle  and  the  treadle-crank,  of  beech,  ash,  or  oak.  The  fly- 
wheel,  if  timber,  should  be  made  of  oak,  ash,  beech,  elm,  or  plane-tree. 
All  the  other  parts  of  timber  worth  meiitioiiiiig  may  be  made  ofnr-wood. 

At  fig.  436  IS  shown  the  ground  plan- of  the  whole. 

This  brake  may  at  any  time  be  converted  to  a  beater  of 
flax  and  hemp,  by  removmg  the  brake-teeth^  and  putting  in 
their  place  flat  bosEtrds.  In  the  upper  of  these  board.s  may  be 
driven  32  naila,  the  heads  about  three-quarters  of  an  inch 
long,  and  the  points  of  the  heads  about  a  quarter  of  an  inch 
in  diameter ;  the  points  of  the  nail-heads  may  be  placed  one 
inch  clear  asunder,  and  at  equal  distances,  as  in  this  way  any  of 
the  nails  may  most  easily  be  drawn  out  in  repairing  the  mallet. 
An  iron  hoop  put  about  tlic  mallet  will  prevent  its  bursting 
with  the  driving  in  of  the  nails.  In  the  time  of  beating,  the 
narrow  end  of  the  mallet  is  placed  towards  the  worknian^ 
and  where  there  is  much  work  in  that  way,  the  mallet  and  fly 
may  be  made  heavier,  and  then  two  or  more  workmen  can 
work  together  upon  the  foot-treadles,  which  may  also  be 
made  equally  long* 

The  flaxhtekHb  »  an  instrument  or  tool  constructed  for  the  purpose  of 
hackling  or  straightening  the  fibres  of  the  flax,  which  is  seen  at  figs.  437  and 
43b.  It  has  many  teeth,  fixed  in  a  square  fiat  piece  of  wood,  as  seen  at 
A  and  B.  When  used,  it  is  firmly  fixed  to  a  bench  before  the  workman, 
who  striKe&  the  flax  upon  the  teeth  of  the  hackle,  and  draws  it  quickly 
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» teeth.  To  persons  unacquainted  with  tliia  kind  of  wori^  this 
I  rery  simple  operation ;  but  in  fiict  it  requires  as  modi  practice 
the  method  of  hackling  well,  and  without  wasting  the  flax,  as  9bj 
ition  in  the  whole  manu£gicturr  of  linen.  The  workmen  use 
•rser  and  wider-teethed  hackles,  according  to  the  quality  of  th« 
rally  putting  the  flax  through  two  hackles,  a  coarser  one  at  first, 
finer  one  in  finishing  it. 

rippling-comb  is  an  instrument  or  tool  which  is  formed  by  letting 
it  more  long  square  teeth  neatly  upright,  in  a  long  narrow  piece  of 
that  their  dUfierent  angles  shall  come  nearly  to  touch  each  other. 
I  the  flax  through  between  these  teeth,  the  balls  or'pods  in  which 
.  conUined  are  forced  off.  It  is  seen  at  A  and  B)  fig.  439.  If 
:o  be  regarded  more  than  the  seed,  it  should,  after  polling,  be 
lie  some  hours  upon  the  ground  to  dry  a  little,  and  so  gain  some 

0  prevent  the  skin  or  harl,  which  is  the  flax,  from  rubbing  off 
ling ;  an  operation  which  ought  by  no  means  to  be  neglected,  as 
'  put  into  the  vrater  along  wiUk  the  flax,  breed  vermin,  and  other- 
the  water ;  the  balls  also  prove  very  inconvenient  in  the  grassing 
ag.  In  Lincolnshire  and  Ireland  tney  think  that  rippling  hurts 
nd  therefore,  in  place  of  it,  they  strike  the  balls  against  a  stone, 
tls  for  rippling  should  not  be  great,  as  that  endangers  the  lint  in 
r-comb.  After  rippling,  the  flax-raiser  will  perceive  that  he  is 
>rt  each  size  and  quality  of  the  flax  by  itself  moie  exactly  than 
:-fore  have  done  it. 

uid  aud  foot  methods  of  breaking  and  scotching  the 
however,  too  tedious  in  their  operation  to  giye  satis- 
3  the  manufacturers,  in  the  present  adyauced  state  of 
eal  science ;  consequently  mills  have  been  con- 
by  which  these  preparatory  operations  are  much 
d.    . 

mills  are  constructed  in  great  variety ;  but  one  of 
with  which  we  are  acquainted  is  described  in  Gray's 
iced  Millwrighty  in  nearly  the  following  terms  : — 

1  is  the  plan.  A  A,  the  water-wheel;  CC,  the  shaft  or  axle 
iJi  it  LH  tixed ;    B  B,  a  wheel  fostcned  upon  the  same  shaft, 

102  teeth,  to  drive  the  pinion  D,  having  25  teeth,  which  is 
I  the  middle  bruising-roller ;  K,  a  pinion  in  which  are  10  teeth, 

tiie  wheel  B,  which  is  fastened  upon  the  under  end  of  the 
liar  sliaft  that  carries  the  scotchers ;  M  M,  the  large  frame  that 
me  end  of  the  shaft  C,  and  the  perpendicular  axle ;  N  N  am 
which  the  rollers  turn  that  break  or  bruise  the  rough  flax;  I A 
!  machine  and  handle  to  raise  the  sluice  when  the  water  is  to  be 
wheel  A  A,  to  turn  it  round ;  G  G,  doors  in  the  side  walls  of  the 
;  I  K,  windows  to  lighten  the  house ;  H  H,  stain  leading  up  to 

[  is  the  ekvotion.  A  A,  the  water-wheel  upon  its  shaft  CC,  on 
ift  the  wheel  B  B  is  also  fixed;  this  latter  wheel  containing  102 
torn  the  wheel  £,  having  25  teeth,  which  is  fastened  upon  the 
iiising-roUei .  F  F  is  a  vertical  shaft,  upon  the  lower  end  of 
fixed  a  pinion  having  10  teeth,  which  is  driven  by  the  wheel  B. 
two  arms  that  pass  throuf;h  the  shaft  F;  and  upon  these  arms  are 
nith  Kti!wed  iron  bolts,  the  scotches  that  clear  the  refuse  off  the 
2d2 
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flu.  D  D,  the  fnniii  whicn  support  0110  end  of  the  axle  C,  the  vertical 
•haft,  and  the  breakiog-rollera ;  L  is  a  weight  suspended  by  a  rope,  the 
other  eod  of  which  is  fiutened  to  abearer,  as  is  seen  in  flg.  443;  SS,  a  leTer, 
the  short  ann  of  which  is  attached  to  the  frame  that  the  gudgeons  of  the 
tfpper  tcAler  turn  in ;  and  by  pushing  down  the  long  arm,  the  upper  roller 
IB,  when  necessary,  so  raised  as  to  be  clear  of  the  middle  one.  Jin,  the  end 
walls  of  the  mill-house ;  U  R,  the  couples  or  fnme  of  the  roof;  H,  a  door  in 
the  side  wall ;  I K,  windows. 

Fig.  443  is  a  tection,  A  A,  the  great  water-wheel  fixed  upon  its  thaA, 
and  containing  40  aws,  or  float-boards,  to  receire  the  water  which  opm- 
municates  motion  to  the  whole  machinery.  B  B,  a  wheel  fiutened  upon  the 
same  axle,  having,  as  belbre  mentioned,  103  cogs,  to  drive  the  wheel  C,  of 
75  teeth,  which  is  fixed  upon  the  i.ii«idle  roller,  No.  1.  The  thick  part  of 
this  roller  is  fluted,  or  rather  has  teef.h  all  round  its  drcumferenee ;  these 
teeth  are  of  an  angular  form,  being  broad  at  their  base,  and  thinner 
towards  their  outward  extremities,  which  are  a  little  rounded,  to  prevent 
Ihem  from  cutting  the  flax  as  it  passes  through  betwixt  the  rollers.  The 
otfier  two  rollers,  Nos.  2  and  3,  have  teeth  in  them  of  the  same  form  and 
size  as  those  in  the  middle  roller,  whose  teeth,  by  taking  into  those  of  these 
two  rollers,  turns  them  both  round,  The  rough  flax  is  made  up  into  small 
parcels,  which  being  introduced  betwixt  the  middle  and  upper  rallers,  pass 
round  the  middle  one ;  and  this  either  having  rollers  placed  on  its  off-side, 
or  being  enclosed  by  a  curved  board  that  turns  the  flax  out  betwixt  the 
middle  and  under  rollers,  when  it  is  again  put  in  betwixt  the  middle  and 
upper  one,  round  the  same  course,  until  it  be  sufficiently  broken  or  softened, 
and  prepared  for  the  scotching-macliine.  The  bearer  in  which  the  gudgeon 
of  the  roller  No.  1  turns,  is  fixed  in  the  frame  at  C ;  and  the  gudgeons  of 
the  rollers  Nos.  3  and  3  turn  in  shders  that  move  up  or  down  in  grooves  in 
(he  frames  S  S:  The  under  roller  is  kept  up  to  the  middle  one  by  the 
weights  D  D,  suspended  by  two  ropes  going  over  two  shecves  in  the  frames 
S"S ;  their  other  ends  being  fastened  to  a  transverse  Twaror  below  the  sliders 
in  which  the  gudgeons  of  the  roller  No.  3  turn.  The  wci^htK  I)  f)  must  be 
considerably  heavier  than  the  under  roller  and  sliders,  in  order  that  its  teeth 
may  be  pressed  in  betwixt  the  teeth  of  No.  1,  to  bruise  the  flax  when  parsing 
between  the  rollers.  The  whole  weight  of  tlie  roller  No.  2  presses  on  the 
flax  which  passes  between'  it  and  No.  1 .  There  is  also  a  box  fixed  on  tlie 
upper  edge  of  its  two  sliders  to  contain  a  parcel  of  stones,  or  lumps  of  any 
heavy  metal,  so  that  more  or  less  weight  ean  be  added  to  the  roller,  as  is 
found  necessary.  O  O  is  the  large  frame  that  supports  one  end  of  the  shaft 
which  canies  the  two  wheels  A  B,  and  vertical  axle  FF ;  on  the  lower 
end  of  which  is  fixed  the  pinion  tumed-by  the  wheel  B,  and  having  10  teeth. 
In  the  axle  F  are  arms  upon  which  the  scotches  are  &stened  with  screwed 
Imlts,  as  seen  at  G  G,  fig.  441.  These  scotches  are  enclosed  in  the  cylin- 
drical box  E  £,  having  in  its  curved  aur&oe  holes  or  porches  at  which  tbt 
handful  of  flax  are  held  in,  that  they  may  be  cleaned  by  the  revolving 
icotchers.  H  H,  the  fiill  or  course  of  the  water ;  1 1,  the  sluice,  machine, 
and  handle  for  raising  the  sluice  to  let  the  water  on  the  great  wbeel.  Ths 
gudgeons  of  the  axles  should  all  turn  m  cods  or  bushes  of  braiu.  K  K,  tbi 
tide  walls  of  the  milUhouse ;  G  G,  doors ;  L  L,  windows. 

Having  proceeded  thus  far,  the  reader  will  have  become 
acquainted  with  the  various  modes  of  preparing  flax  fur  the 
jperaUoD  of  sjpinningj  which  operation,  fron»  the  copiout 
manner  in  which  wc  hove  treated  of  it  under  the  article 
Cotton  Manufactuhr^  requires  hut  little  elucidation. 
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About  the  year  IJ^/j  Messrs.  Kendrew  and  Porthoiiftc,  af 
Darlington,  obtained  a  patent  for  spinning  a  flaxen  thread  l>)' 
means  of  machinery  ;  prior  to  that  time,  vre  believe,  the  rock 
and  whee],  variously  modified^  occasionally  for  superior  spui* 
tiers  to  form  two  threads  at  once,  wereuiiiversally  employed. 
In  Ireland  especially,  even  at  the  present  day,  thin  method  i» 
much  practised.  The  flax,  rendered  strai^t  and  emooth  by 
hackling,  its  wrapped  loosely  round  the  rock,  from  which  it  U 
gradually  drawn  by  tlie  left  hand,  whilst  tlie  thuuib  imd 
fore-finger  of  the  right,  moistened  with  water,  are  eniploy^^d 
in  adjusting  the  fibres,  and  directing  the  thread.  A  bobbin 
and  flyer,  placed  upon  a  horizontal  ^spindle,  serve  to  give  the 
twifit,  and  to  take  up  the  iinit>hed  thread  ;  their  motion  la 
derived  from  a  wheel,  in^peiled  by  the  foot  through  a  treadle 
IJld  crank,  by  means  of  an  endles^-b&nd  passing  round  a 
plilley  of  much  smaller  diameter^  which  is  fixed  upon  the 
ffpindle. 

The  straightnesR  and  tia\oothne89  of  the  fibres  of  flax,  so 
ififferent  from  the  corrugation  and  adhesiveness  of  cotton  and 
wool,  with  their  extraordinary  length,  seemed  to  demand  an 
MTATigement  in  niachine-spintung  ver^'  different  from  what 
hft9  been  already  delineaLed. 

In  the  paieiit  alluded  to,  the  hiu:kled  flui  was  extended  upon  a  hotu 
lOtitAl  friine,  at  fi^.  410*,  to  be  carried  betiA-een  the  roUcrs  B6,  and  tSwr^ 
wards  to  pass  aloa^  widi  U;e  cylitidfr  C,  (revolvioK  with  a  velocity  equal 
toihiit  of  any  point  of  the  circumference  of  B,)  under  several  succeisive 
rollers,  until  it  arrived  at  the  drawing- rollers  Dd;  the  twist  and  removal 
of  fh*'  Mir,  (il  thc-n  taking  place  by  the  lityer  and  bobbin,  as  before  described. 
Th«  1,  (i,  H,  I,  if  of  equal  weights,  will,  on  accomU  of  iheit  re 

rr'  >>tis,  press  with  unequal  force  :  the  one  resting  upon  the  v<:rlux 

the  cyliinier  bein^;  evidently  the  luoat  eAlcacious,  and  witli  the  surface 
beneath  acting  pn>l>ably  the  pan  of  a  pair  of  holding-rollers  to  fibres  of  the 
length  of  nearly  one-fourth  of  the  circumference ;  whiUl  for  fibres  whurh  are 
loogvr  or  shorter^  the  otlier  rollers,  according  to  their  place^  will  answer  the 
Mtoe  purpose.  In  this,  however,  there  i?  do  new  principle ;  and  althmis^b 
nodified,  it  arnounta  tnetely  to  the  operation  of  holding  and  drawi(1^  lolk  rt». 

Fhnn  nome  impedimenta  thrown  in  ll»e  way  of  the  Scotch  flax  ^; ^  ) 

th»  patentees  before  mentioned,  they  began,  we  believL*,  in  no  L 
pttce  iheir  rollers  m  a  slra^^t  line,  ax  distances  suitable  to   t  >! 

the  fibre*.     Of  the  excellence  of  this  arrangement  a  working  r  i 

lor  the  Audersooiao  JnsuiutiOfi  ui  Glaiigow,  in  the  year  18<»  <1 

fufiicieot  evidence. 

Wc  ahall  now  proceed  to  give  a  deBcription  of  a  patent, 
obtaioed,  m  the  year  1806,  by  Messrs.  Chu*ke  and  Bugby, 
for  effecting  certain  improvements  in  a  machine,  intended  to 
be  worked  by  hand-labour,  for  the  spinning  of  hemp,  flax, 

I  [^resents  an  dblique  vifew  of  the  f^nt  of  s  frume  conY4iniii|: 

ten  Kpiniiies,  ^bul  frames  may  contain  an  indeAtiite  ninnber  of  tpindlM.).  4, 
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fhe  ipindle  or  a  bow  pauing  through  the  vrfaole  trame^  having  ten  bomi  rf 
bni»  or  catUron  thereon,  each  about  four  inches  diameter,  eaon  boei  *49^ 
ing  one  tpindle ;  B,  a  pinion  of  twelve  leaves  upon  the  end  of  dw  Biaali  J, 
connected  with  the  wheel  C,  of  eisfaty  teeth,  fixed  opon  the  end  air  n  «■! 
le  F,  covered  with  wood  and  extending  thionsh  the  wholiliMBi 


iron  spindle  F,  covered  with  wood  and  extending  throng 
D,  a  slack  or  intermediate  pinion  of  any  size  at  discretion, 
another  simiter  pinion,  the  latter  connected  with  a  wheel  of  IM  taA, 
"which  is  fixed  upon  an  iron  spindle  G,  of  about  If  indi  diamfUr,  oi 
extending  through  the  whole  frame ;  but  the  wheels  BCD  and  E  a^  k 
varied  in  their  numbers,  to  increase  or  diminish  the  drangfat  of  the  n^ 
stance,o|>erated  upon,  as  may  best  suit  its  qualitv  or  the  ideas  of  the  awl— 
The  pinion  B  is  so  contrived  as  to  slip  off  the  end  of  the  apindle  A^  to 
make  room  for  a  smaller  or  larger  one ;  by  means  whereof  a  larger 


npmaie  tr  and  rollers  in  pairs  pressed  against  tnem  oy  apnngs  or  wi 
these  springs  or  weights  must  be  of  sufficient  force  to  hold  bade  the  i 
or  rovings  so  securely,  that  they  may  only  pass  on  with  the  rnoven 
the  spindle ;  these  pairs  of  pressing  rollers  are  placed  behind  the  tpiadk. 
The  use  of  the  small  iron  spindle  F,  covered  with  wood,  and  left  niki 
larger  than  the  spindle  G,  is,  with  pressure  of  the  small  wood  rolhr,  Budi 
up  in  pairs  bbbbby  and  so  contrived  that  each  pair  may  loU  apaa  two 
invers,  to  bring  them  down  straight,  and  preserve  the  twist  wbcb  Ibsy 
receive  in  the  roving-machine  till  the  slivers  leave  them.  The  bean  odIm 
spindle  A  have  likewise  wooden  rollers  in  pairs  pressed  against  them  by 
springs  or  weights,  between  which  the  drawn,  lengthened,  or  extended  ffiven 
pass  to  the  spindle,  the  rollers  having  each  a  tin  conductor  rcreetecrc; 
Co  bring  the  material  under  operation  as  centrically  as  possible  biUwa  the 
wood  rollers  and  the  bosses;  but  all  the  above-mentioned  parts  of  the 
machine  is  so  similar  to  the  common  upright  frames  for  snnninff  fiai,  thtt 
a  person  conversant  with  them  will  not  oe  at  a  loss  to  mate  it  all.  H  is  t 
wheel  of  wood  four  feet  in  diameter,  having  its  rim  about  two  inches  ihkk, 
with  a  groove  in  its  periphery  for  a  small  cord  or  band.  In  its  centre  is  i 
rule  or  stock  of  wood  through  which  the  spindle  I  passes,  and  extends  into 
its  frame  about  one-fourth  of  its  length.  To  enable  the  person  that  turns 
the  winch  to  reach  all  the  spindles  at  work,  with  the  hand  that  is  not 
engaged  in  turning,  to  remove  any  obstacle  that  may  arise  to  the  spindH 
the  arbor  or  spindle  of  the  wheel  I  has  its  bearing  on  the  sides  of  the  frane 
that  conuins  it,  marked  LL  L L;  this  frame,  with  the  wheel  H,  the  aiborl, 
and  the  winch  K,  is  similar  to  that  part  of  a  machine  called  a  mutojwny, 
used  for  spinning  cotton  ;  this  frame  is  supported  in  a  horiiontal  posiiios 
at  the  outer  end  by  two  legs  marked  M  M,  and  a  screw  pin  which  pasiB 
through  K,  the  front  upright,  a  A,  fig.  444,  and  made  tight  with  the  tbnab' 
screw  ff ;  the  screw  passes  through  a  groove  or  mortise  at  the  end  oftl^ 
wheel  frame,  to  enable  the  workman  to  adjust  the  wheeb  N  and  O^si  it 
will  be  found  necessary  to  change  the  wheel  N,  to  make  such  alteration  is 
the  twist  as  the  size  of  the  yam  may  require,  or  as  the  workman  may  tUsk 
proper.  P  and  Q  are  bevel  wheels  of  equal  size,  the  former  fixea  vpMi 
the  rule  or  stock  of  the  wheel  H,  and  connected  with  Q  upon  the  spindle  R* 
taking  round  with  it  the  wheel  N,  which  is  connected  with  the  wheel  0. 
Upon  the  embossed  spindle  or  arbor  A^aaaaaaaautti  are  spindies 
standing  on  a  carriage  with  four  wheels,  similar  to  the  caniages  used  is 
mule-jennies  for  spinning  cotton,  having  at  each  of  them,  at  ddddddddddt 
a  convex  seat  of  wood  of  any  convenient  size,  not  less  than  the  bottom  ^ 
the  bobbins  or  t^wMu  t  te  t  e  e  €  e  e  c  i  these  bobbins  oi  quills  arc  about  si< 


illtotliigttd  1|  inch  diameter  at  the  bottom,  and  three^uarters  of  an 
tneh  diameter  at  the  top ;  but  the  siies  must  he  varied  according  to  the 
size  of  the  yam.  Perhaps  four  or  fire  variations  will  be  sufficient  to  «piii 
jm.  for  tarpauims  or  sailKrloth,  up  to  fine  yarn  fit  for  gool  ind 

■M  Btockifigs.   T  ft  pulley,  over  which  a  band,  from  S,  nin«  an  to 

dtuw  out  ihe  carriage  upon  the  four  wheels  described;  W^  me  cvunder 
which  drives  the  spindles. 

Fig. 444  txhibiis a  side  view.  A,  the  wheel iweiittoiied  above  in  fi^.  4^5, 
and  there  marked  H ;  B.  the  winch  l>y  which  it  is  turned  by  liand  ;  CCC  C, 
ikit  fraroc  wherein  it  works;  D  and  E  are  blocks  of  wood  on  each  side  of 
iht  said  frame  to  raise  the  wheel,  so  that  the  winch  may  be  ch:\t  of  the 
eirriage  FF,  and  apparatus  GG;  the  two  end  wheels  upon  th«  carriage 
contaiumg  the  spindles  having  two  more  corresponding  on  the  opposite 
«ide  thereof.  H,  a  groove  upon  the  end  of  a  cyhnder,  which  drives  the 
spindles,  and  stretches  through  the  carriage  frame,  for  tlie  diameter  of 
which  no  certain  rule  can  be  laid  down,  as  it  depends  upon  the  length  or 
flise  of  the  yam,  taken  into  account  with  the  other  paru  of  ilie  madiinery. 
NNNN^fNN,  a  small  band  passing  over  the  wheels  A  K,  U  1  L  and  M, 
by  which  the  groove  wheel  H  and  its  cylinder  are  movrv-l  :«n'l  »)»*•  vnu..!!^ 
driven.     O  a  treadle  shaft,  represented  by  15  S,  in  H  ^h 

the  frame  or  part  thereof  at  tne  option  of  the  wor^  l  u 

tumbler  at  the  end  of  the  embossed  spindle  or  arbor  A,  hi   i  ^.  h, 

amall  band,  wound  five  or  six  times  round  each  of  them,  and  er 

the  wood  groore  wheel  Q,  and  made  fast  to  the  back  of  the  ^  F ; 

this  tumbler,  by  the  motion  of  A,  is,  at  the  return  of  the  csir,  j 

to  the  wheel  II;  and  unlocked  when  the  carriage  is  :  e. 

The  carri:ij^e  is  drawn  on  by  the  weight  of  S   ta  cit 

passes  over  the  virooie  wheel  T.  and  is  connected  v.iMk  ^....  ,,...:>.  ...  i,.t  ^^ai* 
riage;  U,  the  wheel  on  the  arbor  containing  the  holder  shown  m  (ig.  ^i^, 
V,  the  cylindrical  roller  on  a  itirt  fixed  therein,  and  roiling-  ;it  (-\f  rv  roiuro 
of  the  carriage  on  the  plane  W  and  X,  which  raises  and  f  jid 

holders,  so  as  to  distribute  the  yarn  upon  the  bobbins  Ic  ai  ^ 

the  wheels  YZ,  A  2,  and  B2,  arc  the  same  wheels  shown  bj/  J*,  C,  D,  and 
E,  in  fig,  445  J 1,  li,  fcc.  spools  containing  the  rovmgs. 

This  DUtcluDery  is  cinlciilated  to  save  the  heavy  expense  of 
/Ciirreiyts  of  water,  erecting  spacious  builtlings^  watcni'orks, 
steam-engiDe,  &.c.  and  to  spin  hemp,  flax,  tow,  and  wool,  at 
such  an  easy  expense,  as  to  bring  it  within  the  reach  of 
small  manufactories.  Tiii^  machinery  is  also  construcled 
^pon  such  safe  aud  simple  principlcsj,  that  no  length  of 
experience  is  nece&aary  to  enable  even  children  to  work  it ; 
and  the  use  of  water,  steam,  &c»  beuig  rendered  unnecessary, 
it  occupies  so  little  space,  that  it  may  be  placed  in  Bmall 
rooms,  out-buildings,  or  other  cheap  places.  To  ei!ect  the 
above  purpokie^  it  waii  necci^sary  to  get  rid  of  the  lanier  or  fiyer 
upon  the  spindle  used  in  the  old  machinery  for  spinulog 
hemp  and  flax,  which  requires  a  power  in  proportion  of 
5  to  1,  and  to  surmotint  the  <lifficulty  that  arose  from  the 
want  of  elasticity  in  these  ^i  '  •  s.     This  want  of  elasti- 

city in  the  substance  to  be     i  d  upou^  h  compensated 
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foid  pro?ided  for  In  this  machinery ;  wad  upon  this  compeniB* 
tion  and  proviaiony  effected  by  the  rarioua  means  hereafter 
mentioned,  the  return  of  the  carriage  without  any  assistance 
from  the  work-person,  and  the  traverse  for  distributing  the 
yam  upon  the  liobbins  or  quiUs,  lay  the  stress  upon  the 
patent.  The  most  simple  mode  of  ci^pensating  the  want 
pi  dartidty,  and  which  is  rfscommended  in  pnefavnce  to  the 
oiher.  is  that  of  having  a  holder  of  large  wire  for  every 
spindle  fixed  in  an  arbor  or  shaft  extending  from  one  end  ot 
i^e  carriage  to  the  other. 

This  ubOT  or  shaft,  with  the  holders,  may  be  considered  as  a  large  and 
improved  substitute  for  what  is  called  a  faller  in  the  mule-jennies  for  spin- 
ning cotton,  fig.  443.  Let  A  represent  the  arbor  or  shaft,  kbkkbbbbbh 
the  holders  fisM  Uterein  with  the  elliptical  eyes,  through  each  of  which  a 
thread  passes  from  the  bosses  on  the  arbor  A,  in  fig.  445,  to  its  spindJe. 
^  a  ^ndle,  which  may  be  from  10  to  13  inches  long.  C,  the  whirl, 
svherein  a  small  worsted  band  from  the  cylinder  II,  fig.  444,  works  D,  a 
convex  seat  upon  the  spindle,  whereon  the  concave  bottom  of  the  bobbin  or 
quill  £  rests. 

Fy  a  piece  of  buffalo  skin  or  metal  screwed  or  nailed  to  the  rail  I.  haviog 
a  hole  in  it,  through  which  the  spindle  passes,  and  by  which  it  is  kept 
steadjr :  G,  a  wire  bent  at  right  angles  at  a,  and  the  bent  part  driven  into 
the  nil  A,  so  that  it  may  be  removed  to  or  from  the  whirl  C,  and  by  the 
other  crook,  A,  prevent  the  spindle  fivm  running  out  of  its  step  H,  which  is 
a  screw  of  brass  or  other  metal  passing  through  the  rail  K.  The  wire  of 
which  the  holder  is  made,  after  fi)rming  the  elliptical  eye,  is  left  or  extended 
beyond  the  uppennost  part  at  e,  that  the  yam  may  be*  conveniently  slipped 
in  when  OQcasion  may  require  it ;  these  holders  tur  each  thread  are  for  the 
purposes  of  keeping  the  yam  in  a  state  nearly  vertical  over  the  tops  of  the 
spindles  when  the  carriage  which  contains  tht-m  is  coming  out,  and  being  re- 
leased from  that  situation  at  the  beginning  of  the  carriage's  return,  and  thrown 
into  nearly  a  hontoiital  position,  so  as  to  bring  the  yam  below  tiie  top  of 
the  bobbins  or  quills  upon  the  spindles ;  and  then  being  curved  and  raised 
again  by  the  wheel  U,  and  its  cylindrical  roller  moving  upon  the  plane  W 
and  X,  fig.  444,  distributes  the  3ram  upon  the  bobbins  or  quills,  and  pre- 
vents it  from  cockling,  hinkling,  or  improperly  doubling  qr  twisting  tpgetner. 
The  seats  upon  the  spindles  described  oy  D,  arc  turned  convex,  and  the 
bottoms  of  the  bobbins  and  the  bottoms  of  the  quills  concave,  tolieep  the 
bobbins  or  quills  in  a  more  central  state  upon  the  seats.  The  concavity  of 
the  bobbins  or  quills  eixceeding  the  convexity,  throws  the  weight  of  the 
bobbins  or  quills  upon  the  peripheries  or  extremities  of  the  seats,  and 
ensures  the  rolaxy  motions  of  the  bobbins  or  quills  with  that  of  their 
spindles.  We  prefer  the  convex  and  concave  surfaces  befi>re  described ; 
nut  other  sur&oes  will  have  nearly  the  same  effect,  if  so  contrived  (as  they 
easily  ma?  be)  to  beiar  upon  the  peripheries  or  extremities  of  the  seats  as  well 
fs  or  the  bobbins  or  auills.  The  hcie  through  the  bobbin  or  quill,  fig.  446, 
is  rather  larger  than  the  spindle,  that  it  may  nt^i  be  obstructed  in  its  moUon 
iround  the  spindle,  which  motion  takes  place  at  every  return  of  the  carriage, 
and  as  often  as  any  thing  obstructs  tne  coming  forward  of  the  sliver  of 
which  the  yam  is  formed.  At  one  end  of  the  arbor  whereon  the  holders 
are  fixed  is  a  counterpoise  L,  fig.  443,  having  a  socket,  aqd  ma^e  (i)qt; 
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«  arbor  hff  i  tbumb-screw  m,  Uie  round  ImU  «t  the  top  being  ted  to 
•ounlcrbabnce  the  holders.  Tliis  oountieTT»iie,  when  the  holders  inxv<  iu  m 
vertical  slate,  decline*  about  10  or  15  oei^rees  tow-^Hc  ii,*.  >,r»ri,,H..  K„t 
when  the  holders  aje  thrown  down,  and  onder  the  t 

drical  roller  Vj  upon  the  wheel  U,  is  in  a differenl  M '  .r 

Vf  aniving  at  B  a,  6g.  444,  on  the  return  of  the  carrungef  the  hoideis  Hte 
mectpitat^  to  a  heJEUi  where  the  counterpoise  nverbnlnnres  iheix),  nod 
locks  the  wh*^       i  443*  or  U,  in  fig.  444,  in  tt  n,  where  ii 

remains  until  has  reached  ila  destined  j  the  tail  of 

the  Cttlch  0  sinKcs  ii^amsl  a  pin  in  the  frame  <_  C  ^_  1 ,  tig.  444,  and 
reSessey  iL,  the  saM  roller  then  resting  upon  the  frame  U  X.  A  seooiid 
method  of  compensating  and  pmnding  lor  the  want  of  elasticity  in  hemo 
3iid  flax,  whicn  is  a  part  of  the  discovery,  is,  to  fix  a  round  bar  of  wood, 
about  1^  inch  in  diameter,  the  whole  length  of  tlie  carriage,  about  three  or 
four  inches  above  the  top**  of  the  spindles,  so  that  the  outer  surface,  or  *ijat 
nott  the  work-person,  may  be  perpendicularly,  or  nearly  so,  over  the  io|>ii 
of  the  spindles,  the  inner  side  having  pieces  of  wood  or  tnetal  naded  or 
otli«rwi«e  ftxed  thereto,  leaving  only  small  tpiice*  between  each  lor  the 
y%m  to  pass  through ;  the  use  of  these  pieces  is  to  prevent  the  threads 
feitioig  leather  and  entangling,  see  fig.  447.  A  A  A  A  represents  a  com- 
8)00  ralUr  used  in  the  roulf-jenni*»s  for  spinning  cotton  with  counterpoise  B, 
wlbeel  C,  with  its  cylindrical  roller  D,  with  the  plane  W  and  X,  be6>r« 
d«Qribed  by  figs.  445,  444,  and 443,  E  K  v,.,r.ni...  w.ih  tt,e,r  whirls,  con- 
V1&  ieats,  bobbins  or  quills,  with  their  c<>  IF  F  F  F  F  F  F  F  F 

th«  ptiecea  of  wood  or  ineial,  nailed  or  olli*^  •,.  the  round  piuce 

of  wood ,  lo  prevent  the  thread  getting  logethct.  la  tins  ^  i  .  i  v  il;  njj^ 
apphecl  to  or  used  with  the  arbor,  containing  tlie  holders  uUi..  nNLiiiioinU, 
m&y  be  applie<l  or  used. 

A  third  method  of  compensating  the  want  of  elasticity  in  hemp  and  flai, 
tprhich  the  pateuteeif  descnoe  as  a  part  of  iheir  <  id 

discovery,   is  the  fixing   each  spindle  in  a    ^  ; 

A,  a  ^'  -^  ■  f  VrtM ;  C,  a  common  tnadi'  spindle,  v.,ni  j.^*  vm.M  ii,  i.  .»jit4  F 
two  11  lixed  one  on  encli  stde  of  tlie  frame  A  A,  equally  in  a  line 

witli  I-:--  p..--!\e  in  the  whirl  D,  and  moving  in  holts  in  two  cheeks  g g, 
fikstened  into  the  rail  11,  on  tlie  small  frame  A  A.  On  the  biu^k  side  thereof, 
iwxt  to  the  cylinder,  is  a  small  roller,  moving  on  two  pivots,  so  planted, 
that  when  the  spindle  is  in  an  upright  position,  the  huna  from  the  Cylinder 
which  dnve:^  it  ni.iy  just  run  free  of  it,  and  as  the  spindle  frame,  A  A,  it 
kept  to  the  rail  I  by  a  tender  sprinc;  m-ide  of  wire,  wound  round  n  ptn 
aboat  half  an  inch  in  diameter,  th^it  the  !>pindle  muy  yield  to  the  yara  ui  uN 
ram  when  nccessnr      '  f  roller  is  to  prevent  the  h;)nd  which  drives 

thflrtpindle  out  of  t(  lion  the  spindle  leaves  its  vertical  position. 

Ftf.  440,  a  side  vi,  ,. little  frame   in  fig.  448;  A  the  frame,  B  the 

■pilOlt,  C  the   whiil   therein,   I)  the  end  of  the  roller  and  one  of  ita 
wpaaiUjis.    'Hits  apparatus  requires  the  falter  last  mentioned  and  detcribed 
by  Rg,  447,  with  us  uppeudages  for  laying  the  yarn  upon  the  spindlen,  no 
seat  on  the  spindle  or  l>ohhiii  in  this  case  being  wanted,  nor  wiy  toot© 
tb^K  a  thin  piece  of  paper,  or  something  thin,  roond  the  spindle,  to  enabl4* 
the  spinner  to  take    the   vnm    off  vvtth  ^^ifpty  tind  can?,     A  fourth  and 
lait-fnentiuned  mode  of  <  :  .  hiNti- 

eitv~in  hemp  and  flax^  and  lu  ^(^y 

tignttUias  in  ih*  >  i*\  .mv  oiiMrucn'M:  ,  •  ..jj|>tnnr^, 

and!  which  is  ^  niton  and  diseovery,  ng  the  com- 

tnoo  lDtilaHapi(ui.v   ......  ..  .„.*ck  band,  having  the  >.:,..    .  ,us»  over  tha 

heUtta  described  in  fig.  443«  or  over  the  round  h^  dcioribed  m  hg.  447f 
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^th  all  the  other  apparatus  for  laying^  the  yam  upm  thespiiidla,lEC. 
This  last  method  cannot  be  used  to  advantage  in  any  case,  but  107  be 
substituted  for  either  of  the  three  methods  described  above  for  spimiiB| 
yam  for  sail  cloths,  sadungs,  tarpaulins,  or  other  coarse  or  beavy  goodi. 


WEAVING. 

In  the  preceding  articles,  cotton,  wool^  silk,  and  flax,  ire 
haTe  traced  the  process  of  forming  the  four  commoneBt  fibfoai 
materialB  to  the  state  of  tiiread  or  yam,  and  now  purpow,  j 
in  general  terms,  to  treat  of  their  further  destination  in  the 
formation  of  the  various  superficial  structures  termed  web  or 
doth. 

The  structures  which  come  under  the  name  of  cloth  are 
formed  of  two  distinct  layers  of  yams,  generally  croniDg  each 
other  at  right  angles,  termed  the  warp,  and  the  woofer  weft; 
and  as  all  cloths,  however  varied,  are  constmcted  of  these 
two  distinct  portions  of  threads,  tiie  mind  will,  when  made 
to  comprehend  the  mode  and  form  of  loom  used  in  the  weaf- 
ingof  one  material,  he  ahle  easily  to  conceive  its  application 
to  other  sorts,  varying  only  in  dimensions  and  strength, 
according  as  the  weight  of  the  yam  or  size  of  the  cloth  may 
demand. 

Prior  to  commencing  the  weaving  of  any  material,  it  i« 
necessary  to  prepare  the  yam  for  the  loom,  one  process  of 
which  preparation  is,  in  fact,  the  measuring  and  arrangiiig 
the  threads  that  are  to  compose  the  warp  in  a  parallel  direc- 
tion, termed  warping. 

The  warp,  or  that  layer  of  threads  which  extends  the  length 
of  the  piece  to  he  woven,  requires  tlie  most  attention  in  the 
preparation.  To  form  a  warp,  it  is  necessary  to  be  very 
particular  in  the  number  and  quality  of  the  yams ;  for  upon 
their  fineness,  length,  and  breadUi,  depend  the  fineness, 
length,  and  breadth  of  the  piece  to  be  woven.  Though  this 
may  appear  a  very  simple  operation,  yet,  the  pcrfonning  of 
it  with  expedition  and  accuracy  demands  some  mechamcal 
skill.  The  machine  for  effecting  this  object  is  termed  the 
warping-mill,  and,  though  considerably  burger,  may  be  com- 
pared to  the  reel  described  in  the  cotton  manufacture :  but 
the  spindle  upon  which  it  revolves  is  placed  perpendicularly* 
The  reel  caimot  easily  be  made  of  such  dimensions  that  a 
thread  measured  upon  its  circumference  shall  be  equal  to  the 
required  Icngtii  of  the  warp ;  and  consequently  the  layer  of 
yarns  is  placed  in  a  direction  parallel  to  Uic  axis  of  tiie  reel, 
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■Dd  wotrad  upon  it  in  a  spiral  direction  till  thev  arrive  at  the 
i^per  end,  wnen  the  motions  of  the  mill  and  the  yarns  are 
revexved^  and  a  fresh  layer  b  placed  upon  the  name  parts  of 
the  reel.  By  this  method  of  plying  the  layers  of  yam,  it  is 
obTioaSy  that  a  small  number  of  ends  may  be  doubled  so  as 
to  form  the  required  breadth  of  the  warp.  If  the  twist  is 
spun  on  cops,  it  must,  prior  to  warping,  be  wound  on  bobbins, 
which  bobbins  are  placed  in  a  frame  to  be  wound  off  upon 
tiie  warping-miU. 

The  next  operation  to  be  effected  in  the  manufacture  of 
cotton  goods  IS  that  of  dressing  the  warp ;  that  is,  impreg- 
nating it  with  certain  gummy  or  gelatinous  matter,  and  coating 
the  surfiice  of  the  yams,  to  enable  the  warp  to  sustain  the 
abrasion  to  which  it  is  subjected  in  the  process  of  weaving, 
BS  will  be  seen  when  that  process  is  described.  In  preparing 
the  wool  and  silk  yarns  for  the  looms,  dressing  is  m  general 
only  required  for  the  finest  sort,  when  a  little  mucUage  of 
fom  arable,  or  of  jelly  nmde  from  rabbit  or  other  light  skins, 
IS  nsed  to  increase  in  a  slight  degree  the  tenacity. 

As  it  is  of  considerable  importance  in  the  dressing  of  warps 
to  have  the  materials  dispersed  equally  over  the  sur£eu:es, 
many  ingenious  mechanics  have  constracted  machines  for  that 
purpose ;  the  general  principle  of  which  are  the  placing  of 
the  waip  on  a  roller,  and  immersing  it  in  the  mudl^e, 
which  allows  it  to  be  drawn  off  covered  with  mucilag^ous 
matter.  The  superfluous  mucilage  is  brashed  off,  and  the 
fam  is  put  in  a  frame,  and  by  means  of  revolving  fans  is 
Iried  and  rendered  fit  to  be  put  in  the  loom.  In  cases 
vhere  the  manufacturer  operates  separately,  the  weaver 
Iresses  the  warp,  by  extending  and  carefully  brashing  it  over 
nth  paste,  and  drying  it  in  the  air,  prior  to  placing  it  in  the 
com. 

Before  we  proceed  to  give  a  description  of  the  looms  used 
in  the  manufi&cture  of  ck>th,  it  is  requisite  that  the  reader 
should  be  acquainted  with  Uic  various  sorts  of  structure  arising 
^rom  the  different  dispositions  of  the  warp  and  weft,  termed 
5d>ric. 

The  simplest  mode  of  disposing  of  the  warp  and  weft  is 
called  common  fabric ;  and  taking  into  account  the  quantity 
of  vam  used  for  a  given  superficies  of  cloth,  is  certainly, 
10  nr  as  respects  its  strength  and  durability,  the  most  advan- 
tageous mode  of  distributing  it. 

Fig.  412  18  a  section  of  a  piece  of  cloth  wove  in  the  common  fabric. 
The  circles  represent  the  warp  in  section,  and  the  wefl  is  seen  passinj; 
dttniately  above  and  below  each  succeeding  yarn,  and  the  return,  or  next 
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Ujtf  ofweft,  puang  benealh  Uiote  threads  over  wfaidi  it  had  pauedhefore, 
awiviMMrM. 
Fig.  413  repretentB  a  section  of  a  pieee  of  doth  wove  to  a  twilled 


pattern.    In  tiiis  the  yam  of  the  weft  passes  altcntately  over  four  and 
mder  one  of  the  threads  of  the  waip,  uid  vies  v§ni  in  its  return. 

Fig.  414  represents  Uie  section  of  a  dimity  or  kerseymere,  in  which  the 
weft  passes  over  km  and  under  four,  then  over  one  and  under  four,  and 
oiver  lour  and  under  one,  which  places  it  in  aposition  to  begin  avain ;  when 
thepaisage  of  the  vreft,  as  it  regards  the  warp,  is  enetly  reveised. 

Fig.  415  shows  the  constraction  of  a  double  doth  woven  with  two  warps. 
This  mode  of  weaving  is  niosily  applied  to  the  constraction  of  carpets,  and 
the  transposition  of  the  colours  in  the  pattern  arises  from  it.  All  tue  divers 
modes  of  passing  the  weft  amone  the  warp  may  be  introduced  in  this 
il^iure,  and  whatever  is  effected  with  one  web  of  vrarp  is  alternately  effected 
with  the  other,  as  may  be  seen  by  the  figure.  It  is  therefore  easy  to 
conceive,  that  all  the  various  patterns  in  woven  goods  are  obtained  by 
differently  .disposing  of  the  warp,  that  is,  lifting  a  greater  or  smaller  quan- 
tity of  it  at  a  time,  whidi  places  the  weft  on  either  sur&ce  of  the  clotli  at 
pleasure. 

Ihe  common  loom,  or  that  which  is  destined  to  weave  cloth  of  the 
common  fabric,  is  the  most  simple  in  its  eonstruetion,  as  the  mode  t)f  lifting 
and  depressing  the  portions  m  the  warp  are  similar  at  each  throw  of  the 
shuttle.    A  top  view  of  a  loom  of  this  description  is  given  in  fig.  416. 

A  is  a  warp. 

B  a  roller  upon  which  the  warp  is  wound,  called  the  yarn-beam,  and 
applied  to  maintain  the  warp  in  a  stretched  position  by  means  of  a  lever 
]»8sinff  through  one  of  its  ends  and  tightened  with  a  string,  as  will  be 
more  dearly  understood  by  referring  to  the  perpendicular  section  at  No.  2 
of  this  figure. 

C  C  C  are  rods  placed  between  the  threads  of  the  vrarp  to  keep  them 
separate,  so  that  tney  may  pass  forward  clear  of  eadi  other,  when  the 
warp  is  fed  forward  and  filled  with  the  weft,  tliese  rods  are  at  dificreut 
periods  moved  towards  the  warp-roller  B. 

At  D  are  the  heald  or  heddlcs,  formed  of  two  rods,  one  above  and  the 
other  below  the  piece,  and  connected  together  by  numerous  strinffs, 
through  which  distmct  portions  of  the  warp  pass,  and  by  means  of  the 
treadles  below  are  lifted  and  depressed.  A  detached  view  of  two  leaves  of 
a  heddle  is  represented  in  section  in  fig.  417. 

a  0,  a*  a*,  are  the  top  and  bottom  l^rs,  and  the  two  lines  o^  ifl  represent 
two  aidjacent  vams  of  the  warp,  so  that  when  a  a  rises  it  carries  witli  it 
one  thread,  while  the  other  thread  which  is  passed  through  the  lower  loop 
of  this  heddle  is  depressed  by  the  other  heddles.  The  next  part,  £,  fig.  416, 
is  a  frame  to  carry  the  reed,  called  the  lay.  A  portion  of  the  reed  is  shown 
detached  in  fig.  418.  It  is,  except  when  used  in  doth  of  the  coarsest 
description,  formed  of  flatted  wires,  placed  paralld  to  each  other,  and 
^emed,  as  to  their  thickness  and  adjacency,  by  the  fineness  of  the  fabric 
in  which  ther  are  to  be  used. 

The  lay,  fig.  416,  which  carries  the  reed,  is  hung  from  a  bar  capable  of 
vibrating  on  gudgeons  in  the  upper  fiame  of  the  loom.  The  two  thin 
elastic  pieces  of  vrood  which  suspend  the  lay  are  caUed  swords,  and  may  be 
seen  at  P,  P,  fig.  419.  The  reed  thus  hung  is  just  beyond  the  line  of  the 
shuttle-flight,  and  has  one  or  two  threads  ofthe  warp  passed  between  each 
of  its  wires,  whidt  wires  are  termed  dents.  Its  use  is  to  strike  home  the 
thread  of  the  vreft  immediately  after  it  has  been  delivered  by  tlie  flight  of 
the  shuttle ;  it  is  therefore  pushed  by  the  weaver  towards  the  yarn-beam, 
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pier  to  esch  flight  of  the  ihiitUe,  and  when  the  weft  hu  heen  deliTered,  it 

If  allowed  to  ratura  and  strike  home  that  individiia]  thread. 

'  Hie  next  part  of  the  loom  is  the  shuttle-boxes,  which  are  placed  at  F,  F. 

la  weaving  narrow  goods,  the  shuttle  is  passed  between  the  warp  by  the 

of  the  weaver,  bat  when  the  cloth  is  fine,  or  of  a  breadth  to  precfaide 

the  tfly-ihuttle,  which  is  much  more  compact,  and  has  a  spindle 


to  cmy  a  oopupon  it,  is  introduced.  This  form  of  shuttle  is  represented 
in  fl|.  490.  Tlie  shuttle  with  its  cop  is  placed  in  the  shuttle-box,  which  is 
ef  oBBeBsiona  Just  sufficient  to  receive  it.  In  fig.  419  is  represented  the 
igid  B&d  lay  at  F*  F*.  The  shuttle  is  driven  to  the  opposite  boxes  by 
of  ■  imall  piece  of  wood,  called  a  driver,  which  lies  behind  tlie 
in  each  ben,  and  is  capable  of  being  swiftly  drawn  fbrwaid  by  a 
attached  to  it,  and  connected  with  a  handle,  G.  The  weaver  holds 
le  in  his  hand,  and  by  a  jerk  throws  the  shuttle  across  the  web 
ialo  the  opposite  box,  and  then,  by  bringing  the  lay  towards  him,  strikes 
hoBa  the  welt  The  flight  of  the  shuttle  requires  adjustment  or  skill,  as 
ila  isipetus  must  be  proportioned  to  the  weight  of  the  yam  which  it  carries, 
sad  tM  freedom  with  which  the  cop  tmwincb. 

If  two  or  three  colours  of  weft  are  to  be  put  into  a  piece,  so  as  to  fonn  a 
paUem,  there  are  two  or  three  shuttles  to  be  thrown ;  in  such  case,  the 
ihvftlle-boxcs  are  formed  in  three  parts,  as  represented  by  the  dotted  lines. 
This  oombination  of  shuttle-boxes  is  capable  of  being  moved  upwards  and 
downwards  upon  the  lay  by  the  small  revers,  H,  H,  fixed  upon  the  swords, 
and  woiked  by  the  handle  I,  so  that  the  shuttle  to  be  thrown  may  be 
biong^  opposite  to  the  division  in  the  warp  through  vhich  it  is  to  fly. 

As  the  cloth  is  perfected,  it  is  led  over  the  breast^beam  K,  fig.  416,  and 
is,  by  means  of  a  ratchet  wheel,  wound  upon  the  roller  L,  whidi  is  termed 
the  de|b-beam.    At  m  is  a  stretching-tod,  formed  of  two  pieces,  and  lashed 


with  a  pieoe  of  band,  in  such  manner,  that  the  ends  are  forced  outwards, 
mev  oe  seen  in  the  figure.  This  rod  has  small  points  at  each  end,  which 
n  through  the  selvage  of  the  cloth,  and  serve  to  keep  the  cloth  stretched. 


seen  in  the  figure.  This  rod  has  small  points  at  each  end,  which 
igfa  the  selvage  of  the  cloth,  and  serve  to  keep  the  cloth  stretched, 
as  otherwise  the  action  of  the  weft  would  eeeasion  it  to  pucker  and  lay  in 
hollows.  The  weaver  sits  behind  the  breast-beam,  and  in  fine  work, 
where  the  breast-beam  is  dispensed  with,  behind  the  cloth-roller. 

Such  is  the  coustniction  of  k>om  used  in  plaiti-'vteflTiiig; 
and  by  examining  it  attentively  it  will  be  seen,  that  by  an 
additional  number  of  heddles  any  required  movements  of  the 
warp  can  be  effected,  and  by  varieties  of  weft  other  diversifi- 
cations attained  almost  to  infinity.  The  greatest  skill  required 
in  the  act  of  weaving  by  hand  is  the  directing  of  the  flight  of 
tiie  shuttle,  where  the  impetus  given  shoidd  just  suffice  to 
deliver  it  in  the  opposite  box.  The  striking  home  of  the 
weft  should  be  done  with  a  regular  force,  and  the  preparatory 
operations  carefully  attended  to,  that  the  warp  may  wind  off 
freely  and  regulariy  with  an  equal  tension  in  all  its  parts. 

From  an  examination  of  the  movements  of  so  simple  a 
machine  as  the  loom,  the  mechanist  will  instantly  conceive 
the  practicability  of  applying  power  to  produce  the  necessary 
movements ;  we  shall,  therefore,  present  the  reader  with  two 
eomlnnations  of  this  class  whicn  are  called  power-looms: 
the  first  invented  by  a  Mr.  Millar. 
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Fig.  421  represents  a  section  of  a  poweMooin,  in  whkh  all  the 
are  effected  by  means  of  treadles,  moved  by  wipers  or  eooentrics. 

A,  the  mam  shaft,  to  which  the  power  is  communicated^  canying  Ae 
wipers,  one  of  vrhich  is  seen  at  A.  A*,  the  yarn-beam ;  B,  three  roUeis,  oi 
the  lower  of  which  the  cloih  is  wound  after  passing  above  and  between  4t 
two  upper  ones ;  C,  C,  the  heddles ;  D,  D,  the  treadles,  to  which  the  heddlsi 
•vte  attached  by  mean?  of  a  line  passing  over  a  pulley,  in  such  manner,  Ibl 
tne  depression  of  one  heddle  occasions  the  raising  of  the  other ;  E,E^  iht 
lay  canying  the  reed ;  the  motion  is  given  to  the  lay  by  a  wiper  movngt 
treadle  that  is  attached  to  the  lay  by  means  of  the  line  and  cnnk  at 
F.  The  return  motion  for  striking  home  the  weft  is  given  by  a  weig^ 
hanging  over  a  pulley,  as  may  be  seen  in  the  figure.  The  flight  of 
the  shuttle  is  occasioned  by  attaching  the  strings  from  the  driveis  ID 
another  treadle,  which  treadle  is  vrotked  at  the  proper  periods  by  anodur 
wiper. 

Another  form  of  power-loom,  called  the  crank-loom,  is 
used,  and  varies  from  tlie  preceding  in  the  mode  by  which 
the  movement  is  given  to  the  heddles.  In  this  construction 
of  loom  the  revolving  shaft  is  placed  immediateljr  under  the 
heddles,  which  are  suspended  over  a  pulley  similarly  to  the 
loom  liuBi  described ;  but  the  motion  is  given  to  uicm  by 
means  of  their  being  attached  to  two  opposite  cranks  on  the 
shaft.  The  motion  is  given  to  the  lay  by  a  crank  upon  ano- 
ther shaft,  which  is  made  to  revolve  twice,  while  the  shaft 
that  moves  the  heddles  revolves  once.  By  this,  it  is  evident, 
that  the  warp  is  opened,  and  the  shuttle  thrown  tMrice^  during 
one  revolution  of  the  first  shaft. 

The  flight  is  given  to  the  sliuttle  by  the  cords  of  the  drivers  being  attached 
to  an  uprit^ht  lever,  as  represtiutcd  in  fig.  422. 

Tlie  curds,  c,  e,  of  titu  drivers  are  attached  to  tlie  lever,  e,  which,  by 
means  of  the  arms,  h,  i,  is  caused  to  vibrate  in  opposite  directions  upon 
the  centre,  ff,  being  altcniately  struck,  by  two  projecting  nieces  upon  the 
first  mentioned  crank-shaft,  which  causes  the  lever,  e,  to  vibrate  in  a  plane 
{mrallel  to  the  crank-shafts,  and  gives  flight  to  the  sliuttle,  at  the  period 
when  the  warp  is  opened. 

In  either  of  these  plans  for  working  looms  by  power,  if  the 
number  of  heddles  is  required  to  be  increased,  in  onier  to 
produce  any  figure,  it  is  easily  effected,  by  varying  the 
number  and  the  poRition  of  the  cranks  or  wipers. 

But,  though  great  variations  in  the  movements  of  a  warp 
mav  be  effected  by  using  many  heddles,  yet  when  the  number 
of  heddles  and  the  number  of  cranks  are  increased,  grest 
objections  arise  to  their  being  used;  consequently,  ano- 
ther construction  of  loom,  called  the  draw-loom,  is  intro- 
duced when  complicated  figures  are  to  be  woven.  In  this 
loom  the  changes  are  effected  by  raising  one  portion  of  the 
warp  entirely  out  of  tlie  way^  while  the  otlier  is  wrought  by 
the  heddles  at  the  time  it  ia'bcing  filled  with  the  weft;  the 
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"raised  is  then  lowered  into  work,  and  other  ptrns  of  the 
warp  lifted  out  of  the  wuy. 

A  loom  00  this  principle  is  shown  in  fi*.  423.  For  weavitjg  carpets  by 
tilts  methcKir  every  jtm  of  Uie  warp  has  a  Imc  attached  to  it,  which  lines 
are  brought  together  in  one  oonnecied  piece,  according  lo  the  portion  of 
warp  to  be  raised  at  once,  and  carried  over  the  puiUys  as  su  A,  aod  attached 
lo  the  fixed  beam  at  B.  This  portion  is  called  the  tail.  Below  the  warp 
these  lines^  which  are  called  the  simples,  are  kept  in  a  state  of  tension  by 
Wii.'  1  C;  and  in  order  to  keep  them  diJ^tm  V  v    in 

pM-  a  board  perforated  with  tioles  at  D.     <  l 

to  '  i^ible  of  being  puUed  by  liandles,  ai  ui  1.,  u>  y^uh^u  intuus, 

ru<  of  the  warp  as  are  required  can  be  raised,     fiy  this  coutriv- 

aiu  si  iniiironv  of  Tint  tfitj  can  be  attained;  but  the  attaching  of 

tht  !  the  Wiirp,  by  means  of  small  eye*  of 

nif  t  ,  the  warp  are  made  to  pass,  is  a  work  of 

eoostdofitblc  labour.     Dani^csk  table-cloths  are  produced  by  tliis  loom. 

It  would  occupy  too  much  room  w^re  we  to  enter  with 
more  exLictnciss  into  the  great  variety  of  loomt)  which  ingenuity 
htts  constructed ;  what  we  have  said  therefore  we  trust  will  be 
miflicient  to  convey  to  the  reader  a  perfect  knowledge  of  the 
principles  of  forming  those  various  fabrics  which  are  termed 
cloth.  In  the  weaving  of  ribands  and  otiier  omauiental 
works,  many  extraneous  substances,  totally  unconnected  w^th 
tlie  warp  or  M^eft,  arc  thrown  in,  which  affonis  the  desiirners 
an  additional  scope  for  the  display  of  embellishnientg.  These 
substances  are  merely  held  in  the  fabric  by  the  intersection 
of  the  two  staple  parts,  the  warp  and  the  weft,  and  are  by 
the  weavers  denominated  whips. 

In  the  formation  of  cloth  from  the  yam  of  cotton,  silk, 
hemp,  and  long  wool,  denominated  worsted,  the  fabric  when 
taken  from  the  loom  is,  so  far  as  regards  the  weaving.  La  a 
perfect  state ;  the  further  operations,  both  mechanical  and 
chemical,  which  it  undergoes,  may  properly  be  considered  as 
tendmg  merely  to  its  further  embellishment.  These  opera- 
tions consist  generally  of  singing  the  superfluous  fibres  from 
the  surface  of  the  clotli,  by  drawing  it  over  hot  irons,  and 
after  bleaching  or  dying,  submitting  the  cotton  and  linen 
goods  to  pressure  between  heavy  iron  cylinders,  for  the  pur- 
pose of  giving  it  a  gloss,  and  the  worsted,  called  camblets  or 
stuft's,  between  warm  copper-plates,  called  hot-pressing,  to 
give  it  a  smooth  and  finished  ap[)earance. 

In  the  formation  of  cloth  from  short  wool,  of  which  our 
wearing  apparel  is  made,  the  loom  cannot  be  said  similarly 
la  have  completed  the  operation.  In  this  branch  of  manu* 
facture,  the  yam  is  woven  in  a  common  loom  in  tiic  manner 
we  have  shown,  and  called  common  fabric,  but  when  the 
piece  is  taken  from  the  loom  the  web  ib  too  loose  and  open. 
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.and  is  consequoitly  submitted  to  another  operatioiiy  called 
fulling.  The  doth,  after  it  is,  1]y  repeated  washings,  ^Tested 
of  the  oil  that  was  put  in  it  in  the  act  of  carding  the  wool, 
is  taken  to  the  fulfing-miUy  whone  it  is  immersed  in  water, 
and  subjected  to  repeated  compressions  by  the  action  of  a 
large  beater  formed  of  wood,  whidi  repeatedljr  changes  the 
posiUon  of  the  cloth,  and  by  its  continuous  action  causes  the 
fibres  to  felt  and  combine  more  closely  together,  so  that  the 
beanty  and  stability  of  the  texture  is  greatly  improired.  The 
doth  is  next  submitted  io  the  dyer,  if  so  destined  \  but  in 
many  colours  for  the  best  doths  this  process  is  effected  in 
the  wool  prior  to  the  commencement  of  the  manu&cturing. 

The  doth  then  undergoes  the  operation  of  the  ^-luill, 
which  is  formed  of  a  cylinder,  somewhat  similar  to  uat  of 
a  carding-engine,  covered  with  the  heads  or  burs  of  a  laige 
spedes  of  l^tle,  called  teasels.  This  engine  is  used  to 
raise  the  fibres  or  nap,  and  lay  it  in  a  pmllel  directioOy 
which,  in  fine  cloth,  is  cut  off  by  shears,  and  the  doth 
then  undergoes  hot-pressing  to  bring  it  into  a  state  fit  for  the 
market. 

Upon  considering  the  various  methods  of  fabricating  cloth 
in  general,  it  may  easily  be  conceived,  that  great  scope  is 
afforded  to  the  practice  of  dishonest  modes  of  forming  nbric 
apparently  valuable,  such  as  the  introducing  of  weft  or  warps 
of  different  qualities  and  hiding  them  by  the  mode  of  plying 
the  other  part.  In  trying  the  strength  of  cloth  it  should 
always  stand  both  in  the  direction  of  the  warp  and  the  weft; 
and  the  substances  of  M-hich  all  parts  are  formed  should  be 
known  by  separate  examination,  and  not  by  mere  superfidal 
inspection,  as  the  surface  may  easily  be  formed  to  hide 
defects,  and  display  apparent  value. 


ROPE-MAKING. 

In  rendering  the  hemp- plant  proper  for  the  uses  of  the 
rope-maker,  it  has  to  undergo  a  variety  of  processes. 

The  first  of  these  is  rettingy  thai  is,  exposing  it  to  toe 
action  of  the  dew,  or  water ;  the  former  termed  dew-retting} 
the  latter,  bv  which  the  finest  hemp  is  produced,  waUr^ 
Ttttmg,  In  both  or  either  of  these  processes,  the  quality  of 
the  hemp  b  said  to  be  influenced  bv  tne  state  of  the  weather, 
and  the  finest  to  be  produced  when  showers  have  mostly 
prevailed. 
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lo  (Inv-ret/iug^  tbe  hemp-stalks,  ininiediately  after  being 
pulled,  are  spread  out,  in  a  thin,  even,  and  regular  way,  «o 
hA  to  keep  exact  rows,  on  a  ftue  level  piece  of  close  old  sward 
land,  for  the  space  of  three,  six,  aud  sometimes  eight  weeks, 
OS  circumstances  may  require  ;  during  which,  they  are  turned 
twro  or  three  times  in  the  week,  according  to  the  state  of 
the  atmosphere. 

The  motive  for  thus  spreading  it  out  uijon  the  ground  is, 
that  the  dew,  by  penetrating  into  the  plant,  may  render  the 
separation  of  the  riud  from  the  stem  or  bur  easy  to  be 
accomplished.  When  the  dew  has  acted  upon  it  sufficiently 
for  lliis  purpose,  it  is  tied  up  into  large  bundles,  and  carried 
home  and  slacked,  or  otherwise  it  is  put  into  a  covered 
building,  till  wanted  to  be  formed  into  hemp. 

This  process,  called  g't'assifig^  requires  great  nicety  and 
attention,  that  the  texture  of  the  hemp  may  not  be  injured 
either  by  too  long  continuance  on  the  award,  or  by  being 
femovcd  before  the  hempy  substance  is  rendered  sufficiently 
separable. 

In  wafer-retting,  the  much  more  common  and  speedy 
method  is,  to  tic  the  licmp-plant  into  small  bundles,  by 
means  of  bands  at  each  end,  and  in  general  to  deposit  it 
bundle  upon  bundle,  in  a  direct  and  crossing  manner,  in  a 
pond  of  standing  water,  to  form  what  is  called  a  bed  of 
hemp.  This*  bed,  when  formed  of  as  great  a  thickness  as  the 
depth  of  the  water  will  admit,  which  some  think  can  hardly 
be  too  great,  though  five  or  six  feet  are  the  usual  depths,  is 
loaded  with  large  pieces  of  heavy  wood  until  the  whole  is 
immersed  in  the  water.  In  choosing  ponds,  those  should  be 
preferred  that  have  clayey  bottoms. 

When  the  hemp-plant  has  remained  in  the  water  for  about 
five  or  six  days,  varied  according  to  the  nature  of  the  pond 
and  tlic  state  of  the  weather,  it  is  taken  out,  and  conveyed 
to  a  piece  of  mown  grass  or  other  sward  land,  which  is  free 
from  all  sorts  of  smimals.  Here  the  bundles  are  untied,  and 
thq  hemp-stalks  spread  out  thin,  stem  by  stem.  While  in 
this  state,  especially  in  moist  weather,  they  must  be  carefully 
turned  every  second  day,  to  prevent  tlieir  being  injured  by 
the  wonn  caijts.  In  this  m  ay  they  are  kept  for  about  five  or  six 
weeks,  when  they  are  gathered  up,  tied  in  large  bundles,  and 
kept  perfectly  dry  in  a  bouse  or  small  st;u*k,  till  wanted  for  use. 
In  »ome  of  the  f»orthern  parts  of  Scotland,  the  hemp,  after 
it  has  bceti  pulled,  and  cleared  of  its  leaves,  seeds,  and 
branches,  by  means  of  a  ripple,  i«  formed  into  bundle«»  of 
twelve  handfuls  each,  and  steeped  in  a  manner  similar  to  flax, 
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tiU  its  reed  becomes  capable  of  parting  from  the  bark.  In 
this  pracen,  it  is  favourable  to  give  it  rather  too  much  than 
too  little  of  time ;  and  let  it  be  observed^  that  the  mo4t 
slender  hemp  requires  the  greatest  length  of  time  in  the 
water.  Where  the  quantity  of  hemp  is  only  small,  the 
bempy  part  may  be  separated  from  the  reed  by  hand-labour ; 
but  where  it  is  large,  drying  and  breaking  it  in  the  manner 
of  flax  is  strongly  recommended. 

Alter  the  hemp  has  been  taken  out  of  the  water,  it  is  not 
spread  out  upon  the  grass-ground  in  the  way  of  flax;  but 
set  up  in  an  inclined  position  against  cords  arranged  for 
the  purpose,  or  bv  any  other  method  by  which  it  can  receive 
the  full  benefit  of  the  bit  till  it  be  perfectly  dried,  which  may 
be  known  by  its  rising  in  blisters  from  the  boon.  As  soon 
as  it  has  been  reeded,  it  must  be  divested  of  the  mucilaginous 
material  which  it  contains,  by  pouring  water  upon  and  re- 
peatedly squeeadng  it.  In  this  part  of  the  process  great  care 
must  be  taken  to  prevent  the  fibres  from  getting  entangled, 
as  by  that  means  great  waste  will  be  incurred. 

M.  Brealle,  on  the  Continent,  has  suggested  a  mode,  very 
difierent  to  any  of  these,  for  the  purpose  of  steeping  hemp, 
the  advantages  of  which,  it  is  asserted,  have  been  fully  proved 
by  numerous  trials.  The  process  consists  in  heating  water 
in  a  vessel,  or  vat,  to  the  temperature  of  from  7«  to  7b 
degrees  of  Reaumer,  and  dissolving  in  it  a  quantity  of  green 
soap,  in  the  [proportion  of  1  to  48  of  the  hemp  :  the  body  of 
the  water  being  about  forty  times  the  weight  of  the  hemp. 
When  this  preparation  is  made,  the  hemp  ia  thrown  into  it, 
and  floats  on  the  surface,  and  the  vessel  being  immediately 
covered,  the  fire  is  put  out.  In  this  state  the  hemp  is  allowed 
to  remain  for  two  hours,  at  the  expiration  of  which  time  it 
will  be  found  to  be  fully  steeped. 

The  principal  superiority  of  this  method,  besides  the  great 
saving  of  time  ana  expense,  is  said  to  consist  in  the  hemp 
aflbrding  a  greater  proportion  of  tow.  The  value  of  the 
fuel,  as  well  as  the  time  employed  in  the  process,  should, 
however,  be  well  considered  in  such  cases.  Besides  these^ 
it  is  said  to  promote  the  cultivation  of  the  hemp  crops,  by  the 
fncilitv  which  it  affords  to  the  preparation,  even  in  such 
situations  as  are  not  contiguous  to  rivers,  streams,  or  ponds  \ 
it  also  obviates  any  ill  consequences  that  might  possibly 
ensue  from  the  putrid  effluvia  of  the  atmosphere,  and  the 
corruption  of  the  waters,  induced  by  it,  which  last  are  weU 
known  to  destroy  the  fish  contained  in  them,  as  also  to  proye 
hurtful  to  the  cattle  that  drink  of  them. 
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In  consequence  of  the  great  tmuble  and  expense  attendant 
upon  the  process  of  water-retting,  the  hemp  is  frequently  left 
for  seed ;  in  which  case,  it  is  commonly  stacked  up  and  well 
co^'ered  for  the  winter  season,  in  order  that  it  may  be  thinly 
spread  out  in  about  January  or  the  following  month.  Where 
this  can  be  executed  during  the  period  of  a  Know,  the  hemp 
comes  much  more  readily  to  a  good  colour,  and  forms  strong 
coarse  cloths  ;  but  it  is  fur  inferior  to  that  pulled  in  due  season, 
and  which  has  undergone  the  water-retting  opcnition* 

Variouii  contrirances  have  been  made  in  the  form  of  ponds 
and  pits,  for  the  steeping  of  hemp  ;  but  the  one  which  seems 
to  possess  the  most  merit  is  described  in  the  Norfolk  Report, 
as  the  invention  of  Mr.  Rainbeard ;  by  using  of  which,  the 
hemp  can  be  deposited  in  the  pit,  without  the  necessity  of 
any  person  getting  wet.  The  pond  is  an  old  marl-pit, 
with  a  regular  slope  from  one  side,  where  the  hemp  is  pre- 
pared, to  the  depth  of  eiglit  feet  on  the  other  side.  On  the 
ilope,  above  the  water,  the  hemp  is  built  into  a  square  stack 
tipon  a  frame  of  timber,  of  such  a  height  as  will  float  and 
bear  a  man  without  wetting  his  feet :  this  is  slid  down  upon 
tlie  frame  into  the  water,  and  a  person  on  the  opposite  bank 
draws  it  to  the  spot  where  it  is  to  be  sunk.  Mr.  Rainbeard 
has  ftiuiid  by  experience,  that  the  hemp  does  soonest  at  the 
bottom,  and  would  not  object  to  16  feet  of  water.  By 
means  of  this  very  useful  contrivance  he  can  put  in  a  waggon- 
load  in  an  hour.  The  sheaves  are  taken  out  one  by  one  in 
the  usual  way ;  but  it  is  suggested,  that  some  more  expedi- 
tious and  simple  contrivance,  either  upon  the  principle  of 
the  lever,  or  some  other,  should  be  resorted  to,  for  effecting 
the  desired  purpose. 

In  preparing  the  hemp  for  the  hackle,  the  work  is  executed 
chiefly  by  the  beetle,  first  using  a  coarse,  and  then  a  finer 
brake :  it  may,  however,  be  more  expeditiously  performed  by 
the  rollers  of  a  lint-mill.  In  either  mode,  shaking  t!ie  hand- 
fids  frequently  with  force  is  necessar)^  In  cases  where  the 
plant  has  not  been  sufficiently  watered  to  loosen  the  rind,  the 
operation  of  peeling  must  be  performed  by  the  hand. 

Another  method  for  effecting  this  purpose  is  the  hemp- 
mill,  which  is  much  used  in  America.  It  consists  simply  of 
ft  large  heavy  stone  in  the  form  of  a  sugar-loaf,  having  the 
amall  end  cut  off.  Thus  shaped,  it  readily  moves  round 
in  a  circle,  when  passing  upon  a  plane.  The  motion  is 
given  by  the  impulse  of  water  on  a  wheel,  and  the  hemp, 
deposited  on  the  receiving  floor  of  the  mill,  is,  by  the  weight 
uid  revolutions  of  the  atone,  perfectly  crushed  and  broken. 
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Still,  however,  the  fluted  rollers  of  a  lint-mill  are  the -best 
ueanB  of  performing  the  work,  provided  sufficient  care  be 
taken  to  guard  against  accidents. 

When  the  hemp  has  been  completely  broken,  it  is  sub- 
mitted to  another  operation,  called  swingling,  or  scotching ; 
the  intention  of  which  is,  to  separate  the  reed  from  the 
hemp.  This  operation  is  sometimes  performed  by  a  labourer, 
who  takes  a  handful  of  hemp  in  his  left  hand,  and  while 
holding  it  over  the  sharp  edge  of  a  board,  strikes  it  with  the 
fine  edge  of  a  long  flat  straight  piece  of  wood,  usually  termed 
a  swingle-hand  or  scotcher ;  but  this  way  is  both  laborious 
and  tedious,  consequently,  mills  moved  by  water,  having  a 
number  of  scotchers  fixed  upon  the  same  axle-tree,  and  mov- 
ing with  great  velocity,  are  much  more  frequently  used.  The 
work,  in  this  case,  is  executed  with  much  greater  expedition, 
and  far  less  fatigue  of  the  workman ;  but  the  velocity  of  Uic 
mill  occasions  a  great  waste  of  hemp. 

Before  the  hemp  prepared  in  this  manner  is  subjected  to 
the  hackle,  it  mostly  undergoes  another  process,  termed 
beetling;  by  which  the  fibres  of  the  hemp  become  more 
loosened  and  divided.  The  beetles  employed  with  this 
intention  are  moved  by  the  power  either  of  the  hand  or 
water,  which  may  be  considered  best. 

The  implements  used  in  preparing  hemp  for  the  operation 
of  spinning  are  so  very  similar  to  those  described  in  the 
preparatory  processes  of  the  flax-manufacture,  that  we  do 
not  consider  it  necessary  to  give  more  than  a  general  descrip- 
tion of  the  processes ;  we  shall  therefore  conclude  this  article 
with  an  accurate  description  of  a  patent,  taken  out  by 
Mr.  George  Duncan,  of  Liverpool,  in  March  1813,  for  his 
improvements  in  the  different  stages  of  rope-making,  and 
for  certain  machines  adapted  for  the  same. 

The  first  part  of  the  process  which  he  has  described,  is 
that  for  spinning  the  yarn  for  all  kinds  of  cordagey  lines, 
and  twine. 

In  this  part  of  the  invention  there  are  two  rdlways, 
adjoining  and  parallel  with  each  other^  fixed  along  the  spin- 
ning-ground or  rope-walk,  from  one  end  of  it  to  the  other. 
Upon  each  of  these  railways  a  machufie  for  spinning  the 
yarn  is  made  to  travel  alternately  backwards  and  forwards, 
one  setting  off  from  the  bottom  of  the  ground  at  the  same 
vime  that  the  other  sets  off  from  the  top,  and  as  they  both 
travel  at  the  same  rate,  the  former  arrives  at  the  top  of  the 
ground  at  the  same  time  the  latter  arrives  at  the  bottom. 

These  spinning-machines  are  in  every  respect  similar  to 
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each  oth^r,  and  are  respectively  furnbhed  with  two  sets  of 
twisting  spindles  ;  one  set  being  placed  at  one  end  of  the 
machine,  with  the  hooks  facing  the  top  of  the  spinning- 
ground;  the  other  at  the  opposite  end,  with  the  hook* 
fiicing  the  bottom.  The  spinners  employed  in  spinning  with 
them  are,  accordingly,  divided  nito  two  companies,  and 
arranged  similar  to  the  machines ;  the  one  company  :it 
the  top,  the  other  at  the  bottom,  of  the  ground*  llic  number 
of  spindles  in  each  set  of  each  machine  should  be  equal,  and 
also  equal  with,  or  rather  not  fewer  than,  the  number  of 
spinners  in  each  company  ;  or,  in  other  words,  as  there  are 
in  each  machine  two  equal  sets  of  spindles,  (four  sets  in  all,) 
the  number  of  separate  spindles  in  the  two  machines  should 
not  be  fewer  than  double  the  whole  number  of  spinners 
employed  ;  because  one  set  only  in  each  machine  is  occupied 
at  the  same  time  in  spinning,  the  other  set  being  in  the 
meati  time  engaged  in  retaining  the  yarns  last  spun  from  it, 
and  following  them  back  to  the  winding-machine. 

The  manner  in  which  the  operation  is  performed  is  as 
follows: — ybe  spinning-machines  are  placed,  as  before  de- 
«eribed,  one  at  each  end  of  the  spinning-ground,  on  its  respec- 
tive railway,  ready  to  set  off.  Each  spinner  of  the  two 
companies  immediately  attaches  hi*  hemp  or  f!ax  to  the 
spindle  of  the  machine  that  is  nearest  to  him  ;  and  the  motions 
of  both  machines,  excepting  those  of  that  set  of  twisting- 
spindles  facing  the  opposite  company,  are  then  struck  into 
geer,  and  each  machine  recedes  from  its  own  company,  spin- 
ning and  leaving  the  yarn  on  separate  guides  or  hooks  as  it 
proceeds  onwards,  the  one  down  and  the  other  up  the  ground, 
the  one  arriving  and  striking  itself  out  of  motion  at  the 
bottom,  when  the  other  arrives  and  strikes  itself  out  of  motion 
at  the  top.  Each  spinner  of  the  two  companies  then  detaches 
the  yam  in  his  hand  from  the  hemp  or  flax  which  he  was 
fipinning,  and  fixes  the  end  of  the  piece  that  is  spun  to  a 
winding-up  reel,  in  a  machine  stationed  behind  or  near  him, 
while  the  other  end  still  remains  attached  to  the  spindle -hook 
of  the  niiichinc  on  which  it  was  spun,  and  which  is  now  at 
the  further  end  of  the  ground. 

llic  machines  have  now  changed  their  company  ;  that  is, 
the  machine  which  fonuerly  belonged  to  the  company  at  the 
top,  now  belongs  to  the  company  at  the  bottom ;  and  that 
which  belonged  to  the  company  at  the  bottom,  belongs  now 
to  the  company  at  the  top.  Each  spinner,  therefore,  of  both 
companies,  innnediatcly  attaches  his  hemp  or  flax  to  tht 
upindk's  left  vacant  by  the  opposite  company,  and  the  niotiumi 
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of  the  spindles  to  which  the  hemp  or  flax  is  attached  being 
struclc  into  geer,  the  spinning  proceeds  as  before ;  during 
which,  the  respective  winding-machines  wind  up  the  yams 
last  spun,  regularly  as  the  spinning-machine,  to  whose  spin- 
dles they  are  attached,  and  which  have  remained  stationary, 
advances  towards  it  from  the  other  end. 

The  spinning  of  the  two  sets  of  yam,  and  windmg  up  of 
the  two  last  spun,  being  finished  at  one  and  the  same  time, 
the  whole  machinery  again  stops,  and  each  spinner,  as  before, 
immediately  detaches  the  yam  in  his  hand  from  the  hemp  or 
flax,  and  then  detaches  from  one  of  the  spindie-hooks  of  the 
spinning-machine  just  arrived,  the  yam  which  he  had  on  the 
former  occasion  spun,  and  which  has  just  been  wound  up  on 
one  of  the  reels  of  the  winding-machine,  as  closely  as  the 
short  length  necessarily  intervening  between  the  spinning  and 
winding  machines  will  allow.  The  two  ends  of  these  yams 
he  splices  together,  so  that  the  yam  just  spun,  lying  on  the 
guides  or  hooks  along  the  whole  length  of  the  spinning- 
ground,  is  now  ready  to  be  wound  up.  The  spinners  then  attach 
their  hemp  to  the  emptied  hooks,  the  machines  are  again 
struck  into  motion,  the  spinning  aud  winding  go  on  as  before, 
and  the  same  procedure  continues  to  be  renewed  each  time. 

The  general  principle  which  constitutes  this  mode  of  opera- 
tion, and  consequent  facilities  of  the  invention,  are,  that  one 
set  of  spindles  in  each  machine  is  always  employed  in  spin- 
nin"^,  while  the  yarns  spun  by  and  attached  to  the  hooks  of 
the  other  set  at  the  opposite  end  of  the  machine  are  winding 
up,  so  that  every  spinner  is  constantly  kept  at  work  in  spin- 
ning, excepting  the  short  interval  when  splicing  the  yarn, 
and  preparing  to  set  on  to  spin.  Throughout  the  whole  of 
the  operation,  therefore,  whatever  one  of  the  spinning  and 
the  winding  machines  may  be  performing,  and  one  of  the 
company  of  spiiniers  employed  in  doing,  the  other  spinning 
and  winding  machines,  and  company  of  spinners,  are,  iti 
every  respect,  similarly  engaged. 

An  endless  rope,  driven  by  any  external  machinery,  gives  the 
travelling  and  twisting  motions  to  both  spinning-machines ; 
and  the  whole  of  these  motions  are  connected  with  and  bear 
a  given  proportion  to  each  other,  capable  of  being  regulated 
to  suit  tlie  speed  required.  The  two  winding-machines  may 
also  be  driven  by  the  endless  rope.  All  or  any  of  these 
machines  may,  nevertheless,  be  driven  by  distinct  endless 
ropes,  or  by  any  other  method  or  methods  in  use  for  driving 
locomotive  machinery,  provided  the  proportionate  speed  be 
kept  up. 
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ajipllcaiion  of  the  rack,  hereafter  dest^rlbed,  will  be 
most  accunite  for  reg-ulating  the  travelliu^-iiiovement  of 
the  spiiiiung  or  any  uther  Qiachine,  on  a  rope-walk  ;  but  as 
the  resistance  in  the  present  case  h  very  tridinsr,  ibe  moti^xi 
given  to  tlie  truck- wheels  of  the  spinning-machine,  as  shovm  :n 
the  engni\dngb,  will  answer  the  purpose  at  less  expense. 

As  a  further  improvement,  Mr.  Duncan  invented  an  addi- 
tional apparatus  for  giving  an  after-twist,  which  either  may 
or  may  not  be  adopted.  The  object  of  this  improvement  is, 
to  prevent  the  yarns  losing  strength,  which  otherwise  they 
do,  by  losing  twist  by  the  counter-twist  of  the  strand,  and 
other  subsequent  operations.  This  is  effected  la  a  simple 
and  convenient  way,  by  continuing  the  twistiug  for  a  sufficient 
length  of  time  after  the  travelling  motion  of  the  spinning- 
tuachine  lias  ceased ;  by  which  means,  an  additional  twist  is 
given  to  the  yarns  after  they  arc  spun  to  their  full  length ; 
and  this  is  done  while  the  spinners  are  splicing  them  at  the 
other  end  of  the  spinning-ground,  and  preparing  again  to  set 
on  to  spin,  without  occupying  any  of  their  time  for  the  pur- 
pose. The  effect  of  this  part  of  the  invention  for  the  after- 
twist  has  been  produced  in  different  ways  by  others;  but  by 
modes  either  so  complicated  or  expensive,  as  not  to  be  con- 
veniently available  in  practice. 

The  principal  advantages  to  be  derived  from  this  method 
of  spinning  arc  the  following  : 

First.  The  spinners  are  enabled,  at  much  less  expense,  to 
spin  a  greater  quantity  of  hand* spun  yarn  than  they  can  by 
any  other  method  in  the  same  space  of  time  ;  because,  except 
while  splicing  the  threads,  they  are  constantly  occupied  m 
spinning  -,  and  have  neither  to  hook  up  the  threads,  nor  to 
travel  up  and  down  the  walk,  so  that  their  time  and  attention 
is  solely  confined  to  the  delivering  of  the  hemp  or  flax  from 
their  bauds.  Secondly.  The  speed  of  the  spinning-macbiue» 
besides  being  uniform,  is  proportioned  to  the  full  extent  of 
work  the  spinners  can  conveniently  accomplish,  which,  in 
some  measure,  compels  them  ttt  produce  the  greatest  possible 
quantity  ;  and  as  tlic  machine  is  constructed  so  as  to  lift  the 
threads  off  the  hooks,  and  follow  them  up  to  the  winding- 
machine,  little  or  no  attendance  is  required  from  wheel-boys 
or  followers.  Thirdly.  The  spinners  are  enabled,  partly  from 
their  whole  skill  and  attention  being  confined  to  the  one 
object,  of  simply  delivering  the  hemp  or  flax  from  their 
fingers,  and  partly  from  the  requisite  degree  of  twist  being 
given  by  machinery,  to  produce  a  superior  quality  of  yarn. 
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And  fourthly.  The  hemp  to  be  spun  by  this  machinery  may 
either  be  dressed  in  the  usual  way^  or  prepared  and  dressed 
on  the  hackling-machines^  which  draw  out  the  whole  in  a 
long  sliver ;  and  in  either  case  it  may  be  spun  from  the  end 
of  Uie  fibres,  by  which  means  the  strongest  yarn  is  formed. 
It  may,  however,  be  spun  from  the  spinner's  waist,  and  with 
more  convenience  than  in  the  common  way,  because,  by  this 
method,  the  spinners  remain  always  in  a  room  at  each  end  of 
the  spinning-ground ;  consequently,  the  hemp  is  not  so  liable 
to  be  discomposed  as  when  they  have  to  travel  up  and  down 
its  whole  length ;  neither,  for  the  same  reason,  b  it  so  liable 
to  be  wasted. 

The  expense  attendant  upon  erecting  the  spinning  ma- 
chinery, with  all  its  connections,  and  the  power  requisite  to 
drive  it,  is  comparatively  trifling.  In  making  the  spinning 
machinery,  various  forms  or  shapes  may  be  adopted,  as  they 
may  be  made  to  travel  on  railways  on  the  ground,  or  on 
railways  suspended  from  the  beams  of  the  rope-walk,  or  fixed 
upon  or  above  them,  as  may  be  thought  proper ;  and  the 
disposition  of  the  necessary  machinery  may  be  arranged  and 
diversified  to  suit  the  situations  of  the  railways,  and  the 
construction  and  conveniences  of  the  rope- walk. 

The  mode  shown  in  figs.  469,  470,  and  471,  is  most  preferred  by 
Mr.  Duncan,  merely  because  it  occupies  least  room  in  proportion  to  the 
number  of  spindles  the  spinning-machines  can  employ.  The  whole  width 
of  a  rope-walk,  required  by  tins  mode,  need  not  be  more  than  six  feet,  except 
at  each  end,  where,  of  course,  sufficient  width  convenient  for  the  .spinners, 
an<l  for  the  winding-machine  and  dressed  hemp,  must  be  allowed.  In  this 
narrow  space  no  less  than  twenty-four  threads  may  be  constantly  kept 
spinning  at  one  time,  and  as  many  winding  up ;  so  that  besides  every  other 
advantage,  the  saving  in  the  original  cost  of  a  spinning-ground  on  this  plan, 
an<l  in  the  exj^ense  of  covering  it  in,  will  be  considerable. 

In  the  explanations  to  the  figs.  478  and  479,  is  shown  how  other  arrange- 
ments may  be  made  by  which  the  competent  mechanic  will  be  enabled  to 
adapt  or  diversify  the  form  of  the  macnines,  and  form  and  disposition  of 
the  machinery,  to  suit  any  situation  in  a  ropery  which  is  most  convenient, 
or  of  little  use  for  other  purposes. 

In  that  part  of  the  drawing,  entitled  "  Rope-spinning,'*  from  A  to  B  is 
supposed  to  be  the  spinning-ground,  shown  as  broken  off  in  the  middle,  for 
want  of  room  to  show  it  in  full  length ;  C  C  and  C  C,  on  each  side  of  the 
break,  is  one  railway ;  D  D  and  D  D  the  other. 

Fig.  469  is  a  plan  of  one  of  the  spinning-machines,  at  the  top  of  the 
ground,  on  the  railway  C  C. 

Fig.  470  is  the  other,  exactly  of  the  same  construction,  at  the  bottom  of 
the  groimd,  on  the  railway  D  D ;  and 

Fig.  471  is  a  side  elevation. 

Thou^  both  machines  are  precisely  similar,  yet  some  parts  of  the 
machinery  are  omitted  in  some  of  the  fi'!;ures,  lh;it  rjther  parts  may  be  seen 
inore  distinctly,  and  in  none  of  the  ligures  are  the  wliolt  fhown  logother, 
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E,  wherever  it  occurs,  shows  the  endless  rope  which  drives  bolh  lURchines^ 
-id  II'  the  rollers  or  puUies  suspended  from  the  beam?  L  over  head,  which 
ide  and  carry  it. 

"Die  jiamc  characters,  in  all  the  above  figures,  wherever  they  may  be  u*ed, 
note  the  sanie  part. 
F  shows  the  framing  of  the  machines. 

a  aud  A  two  grooved  aheeves,  fastened  upon  ihe  two  upright  shafts 
and  dj  (as  best  teen  in.  fig.  471,)  driven  contrary  ways  by  means  of  the 
idiots  rope. 

The  manner  in  which  the  rope  goes  round,  and  grasps  the  sheeves,  and 
^asiona  their  contrary  motion,  is  best  seen  in  fig,  470. 
In  6g.  471,  €  and/  are  two  spur-wheel*,  fixed  upon  the  shafts  c  and  rf, 
itla  a  view  to  equalize  their  motion. 

Tiie  twisting  motions  for  each  set  of  spindles  are  driven  by  their  respec- 
e  shafts,  which,  at  iht  same  time»  drive  all  the  travelling  moliona.  But 
le  twisting  motions  for  one  end  only  are  driven  at  a  time;  for  while  the 
iaft  that  is  nearest  to  the  end  from  which  the  spinners  are  spinning,  is 
Hving  the  iwinting  motions  of  that  set  of  spindles,  together  with  all  the. 
lavc'lUng  motions,  the  shaft  nearest  to  the  other  end  is  not  driving  any, 
kough  both  hhufla  are  then  revolving. 

^  and  h  in  the  tnivelling  motions  are  two  pinions,  upon  loose  rounds, 
iDinately  driving  the  wheel  i,  which  is  fast  upon  the  short  upright  shaft  A, 
id  »hown  only  in  fig.  471.  On  the  lower  end  of  this  shaft  is  the  bevel- 
jicel  /,  driving,  by  means  of  anotlier  bevel-wheel,  in,  the  cross  shaft  «,  upon 
Iv  end  of  whtdi  are  fastened  the  sheeves  1,2,  3,  and  upon  the  other  the 
leeves  4,  5,  6,  seen  best  in  fig.  469.  These  shetvcs  are  of  different  sizes, 
one  only  at  each  end  of  the  shaft  is  in  use  at  a  time;  o  and  p  are  the 
axles  oi  the  tnick-wheels,  having  the  sheeves  7,  fl,  9,  Cikstened  upon  a, 
d  upon  p  the  sheeves  10,  11,  12.  The  (bur  truck- wheels  9  are  also  faat- 
J^ned  upon  the  shafts  0  and  p,  and  motion  is  given  to  them  by  two  belts; 
one  driven  from  any  one  of  the  sheeves  1,  2,  3,  and  the  other  from  any  one 
of  the  sheeves  4,  5,  6,  each  belt  running  upon  iti  corresponding  aheeve  on 
the  axles  of  the  truck-wheel.  The  turning  round  of  tnese  axles  impels, 
according  to  the  motion  given  lo  them,  the  machine  forward  ;  which  motion 
can,  by  the  sheeves  being  of  d liferent  sizes,  be  regulated  as  occasion  may 
re<juire. 

On  eht  lower  end  of  the  shafts  c  and  d  of  the  twisting  motions  are  the 
sheeves  r  and  »,  on  loose  rounds,  each  in  its  turn  carried  about  by  catch^ 
boxes,  (as  shall  be  hereafter  explained,)  and  driving  the  upright  rollers  or 
cylindefs  G  and  H,  by  means  of  belts  going  round  the  sheeves  /  and  ^,  fast- 
,fcncd  on  the  axJes  of  the  rollers.  These  "rollers  give  niolion  to  the  twisting 
bpindles  by  separate  bauds  or  belt?)  passing  round  a  whirl  on  each  spindle; 
|ii  ei>ch  miichine  arc  placed  twenly-four  spindles,  twelve  at  each  end,  or  six 
Pt  each  corner  of  each  end,  the  [losittons  of  which  are  seen  in  fiijs*  409  and 
4T0.  In  either  of  ihtse  figiirwj,  one  spindle  at  each  of  the  four  corners 
only  appears,  the  other  five  beiriir  ranged  in  a  direct  line  underneath  ;  but 
the  manner  in  which  they  run^e  is  seen  in  fig.  471,  In  fig.  471,  twelve,  or 
one  half  of  the  number  of  spindles,  appear  on  the  nearest  side;  six,  or  half 
k^et,  at  each  end  ;  the  other  half  appear  similarly  situated  on  ihe  opposite 
lie.  Th^se  two  sets  lue  alternately  employ etl,  the  one  in  5j>it»iing,  and 
n«  otiicr  in  holding  and  fullowiny  the  yarns  that  are  winding  up;  zz^ 
ig.  471,  are  raliliet-wheels  and  catches,  placed  ori  the  axles  of  the  rollers 
li  and  II,  to  V^pp  the  yarns  from  untwisting  when  wioiling  up. 

Figs.  409  and  470  l»c»t  show  the  carriers,  projeciing  from  ihe  frame  in 
pritich  the  twisting  »pmdles  tun  ^  tlte  form  and  u^e  of  Ihcm,  and  of  th« 
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wliirls  aiid  spindles,  are  so  obvious,  that  it  is  not  necessary  to  point  them 
out  in  any  of  the  figures  by  a  distinguishing  character  of  reference ;  and, 
for  the  same  reason,  none  of  the  bands  or  belts  are  marked. 

Having  so  far  described  the  different  motions  and  appurtenances  of  tite 
spinning-machine,  we  shall  now  proceed  more  particularly  to  explain  the 
manner  in  which  they  operate. 

By  an  inspection  of  ng.  471,  it  will  be  seen,  that  the  catch  of  the  catch- 
box  13  is  in  contact  with  the  catch  of  the  pinion  A,  and  the  catch  of  the 
catch-box  14  with  the  catch  of  the  sheeves  1,  and  that  the  catches  of  the 
boxes  15  and  16  are  not  in  contact  with  the  corresponding  pinioo^  and 
sheeve  r. 

17  and  18  are  two  separate  levers,  one  at  eadi  end  of  the  machine, 
alternately  used  foi  striking  into  geer  the  catches  above  mentioned ;  the 
lever  17  serving  for  the  two  boxes  13  and  14,  and  the  lever  18  for  the  two 
boxes  15  and  16.  19  and  20  act  as  swingers  or  levers  from  the  joints  21 
and  22,  having  claw  ends  to  grasp  the  catch-boxes  13  and  14;  and  being 
coupled  vrith  the  main  lever  17,  by  means  of  the  connecting  rod  23,  move 
them  either  up  or  down.  When  in  geer  they  are  held  firm  by  the  snedc  24  ; 
but  on  running  against  a  fixture  at  one  end  of  the  spinning-ground,  are 
pulled  back,  which  causes  all  the  motions  of  the  machine  to  stop.  The 
machine,  however,  may  at  any  time  be  stopped,  as  occasion  may  require,  by 
pulling  back  the  sneck  by  hand.  The  two  main  levers  17  and  18  are  so 
weighted  at  the  handle  end,  that  when  disengaged  from  their  snecks  the 
catd^boxes  always  fly  out  of  geer.  The  machine  is  put  in  motion  by  raising 
the  main  lever  into  the  sneck  by  hand.  All  the  machinery  on  each  side  of 
the  wheel  t,  at  each  end  of  the  machine,  is  precisely  alike ;  the  description 
therefore  given  of  one  end  may  answer  for  the  other.  The  twisting  motions 
at  each  end  are  never  in  geer  at  the  same  time ;  for  those  at  one  end  are 
engaged  in  spinning  one  set  of  threads,  while  those  at  the  other,  whose 
spindles  retain  and  follow  up  the  other  set  of  threads  (last  spun)  to  the 
winding-machine,  remain  at  rest.  All  the  four  catch-boxes,  1 3,  14,  15,  and 
16,  constantly  go  round  with  the  shafts  c  and  d,  by  means  of  ffAthers  in  the 
shafts  acting  in  grooves  in  the  boxes. 

When  the  catch-box  14  is  in  contact  with  the  sheeve  «,  it  gives  moti(m 
to  the  set  of  twisting-spindles  belonging  to  the  roller  H,  at  the  same  time 
its  accompanying  catcn-box  13,  by  being  in  contact  with  the  pinion  k, 
gives  a  retiring  or  travelling  movement  to  the  whole  machine,  which  is 
effected  by  the  wheel  i  communicating  motion  to  the  four  truck-wheels,  by 
the  means  which  have  been  before  described.  The  wheel  i  is  common  to 
both  pinions,  being  turned  one  way  by  one  pinion,  when  the  machine  is 
retiring  from  the  top  of  the  ground,  and  the  contrary  way  by  the  other  when 
it  is  retiring  from  the  bottom  of  the  ground ;  consequently,  the  cross  shaft  m, 
which  derives  its  motion  from  the  wheel  t,  turns  at  the  same  time  both  the 
truck-wheel  axles,  one  way  when  retiring  from  the  top,  and  the  contrair 
way  when  retiring  from  the  bottom;  the  shaft  n  being  common  to  both 
truck-wheel  axles. 

Fig.  472  is  the  plan  of  a  winding-machine,  placed  at  the  top  of  the  ajnn- 
ning-ground,  containing  twelve  reels,  corresponding  with  tne  number  of 
spindles  in  each  spinning-machine. 

Fig.  473  is  a  plan  of  a  similar  winding-machine,  placed  at  the  bottom  ot 
the  ground,  containing  the  same  number  of  reels.  Both  these  windins- 
macnines  are  mounted  so  high  above  the  ground  as  to  allow  the  yam  wind- 
ing on  them  to  pass  over  head,  that  the  spinners  may  have  room  to  move 
underneath.  In  the  engraving  they  are  placed  rather  nearer  the  spinninf> 
machines  than  they  ought  to  be,  from  want  of  room  in  the  plate.     Wheniul 
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the  sj}jndlc4  of  the  two  spioninj^-machines  are  employed,  one  huK  in  spin- 
ning and  iKe  other  half  in  following  up  Uic  yams  lo  Ihe  winding-inach»f»c, 
a^  h*ia  already  been  described,  *U  llie  reel*  of  bolh  winding-macbmei  mre  of 
course  at  tiie  s^Tan  time  fully  employed  in  ^winding  up. 

Fig.  474,  at  one  end  of  the  jBfround,  shows  a  sjde  view  of  the  reela,  placed 
on  their  spindks,  a  description  of  vrhich  is  unnecessary,  as  the  movements 
and  <^onstruction  of  such  machines  are  well  known  and  understood.  In  the 
figure  they  are  represenlod  as  only  winding;  one  yaru  on  each  reel,  in  order 
to  explain  the  improved  or  patent  metliod  of  rope^makiog  ;  tmi  more  than 
one  yarn  may  be  wound  on  any  one  of  these,  or  any  odier  kind  of  reel,  that 
may  be  used  in  ray  method  of  spinning,  for  the  convenience  of  tho  common 
method  of  rope-mjdting,  or  for  other  purposej.  It  is  neither  convenient,  nor 
necessary,  that  the  endless  rope  should  ceue  motion,  when  tht?  spinning- 
machines  ha?e  arrived  and  struck  themselves  out  of  geer  at  the  top  and  bot- 
toiD  of  the  ground  ;  consequently  we  will  suppose,  that  the  endless  rope  is  in 
motloD,  and  all  the  other  parts  of  the  machinery  at  rest,  excepting  tlie  two 
thafis  cznd  d,  and  their  respective  catch«boxe«.  The  catch-boxes  of  eachahaf^ 
IB  both  machines  are  in  the  position  of  15  and  16,  as  seen  in  fig.  471.  Each 
ipinaer  in  the  two  opposite  companies  having  now  attached  the  hemp  to  the 
mindles,  nothing  remains  to  be  done  but  to  raise  by  hand  the  lever  1 7, 
ng.  471,  (which  in  the  engraving  appears  to  be  already  done,)  and  the  corres- 
pooding  lever  in  the  opposite  machine ;  which  will  cause  the  splmiing  and 
wifiding  10  proceed  in  the  manner  already  described. 

When  the  machines  stop,  each  spmner  splices  bis  thread,  and  throws  il  on 
the  nearest  guide  x,  to  keeo  it  out  of  the  way,  and  to  conduct  it  to  the  wind- 
ing-machine. The  groovea  sheevea  a  and  A,  on  the  top  of  the  shafts  c  and  d, 
to  which  the  endless  rope  gives  the  fiint  motion,  may  be  changed  when  re- 
quired for  sheevesof  a  larger  or  smaller  diameter,  for  the  purpose  of  dimi- 
nishing or  increasing  all  the  motions  in  a  proportionate  degree.  For  the  same 
purpose  the  wheel  or  sheeve,  which  gives  motion  to  the  endless  rope,  may 
also  have  grooves  of  different  diameters.  The  sheevesthat  may  be  changed 
§ot  increasing  or  diminishing  the  twisting  motions,  arc  the  four  tbcevcs  t  r 
for  one  end  of  the  machine,  and  v  i  for  the  other,  ajs  seen  in  tig.  471.  In 
order  to  obtain  more  or  less  travelling  motion,  the  belts  may  be  made  to  rxin 
either  en  the  sheeves  1  and  9,  and  6  and  10,  or  on  2  and  8  and  5  and  11, 
or  on  3  and  7  and  4  and  12,  as  seen  in  Ag.  469. 

Fig.  475  (within  which  are  figs.  470^  477,  478,  uid  479)  represents  an 
end  view  of  a  rupe-ground  building,  set  down  as  eighteen  feet  wide  inside. 
It  is  merely  divided  into  portions,  to  show  some  different  modes  of  diversi- 
fying spinning-machines  ufton  tins  principle,  the  dilTerenl  situations  in  which 
Ihey  may  work,  and  the  profioitjon  of  foom  they  may  occupy  according  to 
tlie  number  of  spindk^. 

Figs.  478  and  479  show  end  views  of  two  forma  of  spinning-madiines, 
diflerctit  from  each  ntlier.  and  from  tht?  one  already  descrincd ;  but  all  upon 
tlie  *.iine  principle.  The  machine  in  fii*.  478  \s  represented  as  moving  on  a 
Ailwuy  M  M,  uiuleniraih  ihf  ht'iini  [>,  luivinj^sprndlt^s  both  wbove  and  be- 
The  paru  shown  in  the  figure  rue  as  follows :  N  N  two  of  the  lruck« 
l«.  O  P  the  endk'is  rope  sheeves.  (i  one  of  ihe  rollers  fo<  turning  tlie 
aptndles.  R  a  sheevti  on  the  end  of  the  roller,  answering  the  same  purpose 
a*  i  and  v  in  fig.  471 .  W  part  of  a  slieeve  on  the  iruck-wlieel  axle,  aruwer* 
ing  the  fcume  purpose  as  one  of  those  on  the  axles  o  and  p  in  figs,  469  and 
470.  The  carriers,  the  whirls,  the  spmdles,  and  T*  cir  bands,  in  this  machine 
are  the  n^me  as  in  the  ^^pinning-mMchine  already  described  ;  and  tlieir  situap 
tions  are  so  obvious,  as  not  to  require  particular  character*  of  refeiaoce. 
Sui.-h  part  vf  the  iiiture  as  consints  of  framing  will  be  obvious.  One  side  of 
the  railway  is  fixed  to  the  pu^l  K ;  the  other  side  i*  fued  and  rests  upon 
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(he  iroo  fixture  S,  hanging  from  the  beam  L,  which  also  serves  tlie  »anie 
purpose  ibr  the  adjoining  railway.  X  one  of  the  guide  puUies  for  the  end- 
teaa  rope.  T  a  raily  (which  may  occasionatty  be  removed,)  laid  across,  and 
answering  the  purpose  of  both  railways,  froioi  post  V  to  K,  having  upright 
pins  at  proper  distances,  for  the  purpose  of  bearing  and  keeping  separate 
the  yams  of  the  lower  spindles.  The  hooks  fixed  to  the  under  side  of  the 
beam  L  are  to  answer  tne  same  purpose  for  the  yams  of  the  upper  spindles. 
In  order  to  lay  the  yams  upon  these  hooks,  a  separate  gmdfe  upon  each 
spindle  is  fixed  upright  in  a  slender  rail,  fastened  to,  and  projecting  two  or 
three  feet  from,  and  parallel  with,  each  end  of  the  machine.  The  shape  of 
these  guides  is  the  same  as  the  hooks  in  the  beam,  with  this  exception,  that 
each  one  has  an  eye  at  the  point,  to  convey  the  yams  in  a  slanting  direction 
firom  the  spindles,  and  to  lay  them  upon  their  respective  hooks  in  the  beun 
when  spinning,  and  also  to  lift  them  ofi*  when  winding  up.  The  manner  in 
which  the  guides  pass  between  the  hooks  may  be  seen  in  fig.  477,  where  a 
represents  the  projecting  rail ;  b'  the  guides,  two  only  of  which  are  marked ; 
it  must  here  be  understood,  that  the  spindles  are  not  opposite  the  eyes  of 
their  respective  guides,  but  exactly  opposite  the  upright  part  of  them,  and 
on  a  level  with  the  eyes.  There  are  many  other  ways  by  which  the  hooking 
up  of  the  yams  may  be  effected,  but  the  method  just  described  is  conceived 
to  be  the  most  simple.  The  space  between  the  post  V  gnd  the  iron  fixture  S, 
is  the  room  to  be  occupied  by  the  other  spinning-machine. 

The  spinning-machine,  fig.  479,  is  represented  as  moving  on  a  railway, 
laid  upon  the  beam  L.  It  will  be  seen  that  this  machine  in  nothing  more 
than  the  lower  part  of  the  one  last  described,  having  no  spindles  on  the  upper 
port.  The  guide  pins  are  in  this  method  driven  into  the  beam.  The  empty 
space  to  the  right  of  this  machine  is  the  room  to  be  occupied  by  its  fellow. 
The  letters  of  reference  used  in  fig.  10,  and  its  appurtenances,  apply  to  the 
same  parts  whenever  they  are  used  in  fig.  479,  and  its  appurtenances. 
Though  these  machines  (the  end  views  of  which  are  shown  in  figs.  478  and 
479)  are  different  from  each  other  in  form  and  arrangement  of  machinery, 
and  also  from  the  form  and  arrangement  of  the  one  shown  in  figs.  469, 470,  and 
471,  yet  the  same  principle  of  the  travelling  and  twisting  motions  is  appli- 
cable to  all,  and  therefore  it  is  unnecessary  to  enter  into  fiirther  explanations 
respecting  them. 

Fig.  480  shows  the  methad  of  giving  the  afler-twist.  As  the  apparatus 
for  this  purpose  is  to  be  applied  to  each  of  the  endless  rope  shafts  in  each 
machine,  a  description  otthe  apparatus  as  belonging  to  one  of  them  may 
be  sufficient.  This  figure  is  a  side  view  of  the  apparatus,  and  is  represented 
as  applied  to  the  shaft  </,  in  fig.  471 ;  the  same  characters  of  reference  there 
usecl  oeing  retained  in  the  present  figure,  where  they  denote  the  same  parts. 
The  apparatus  for  the  after-twist  is  merely  an  addition,  which  on  the  lower 
part  ot  the  figure  consists  uf  a  catch  on  the  under  side  of  the  sheeve  s,  a  cor* 
responding  catch  and  catch-box  25,  carried  round  by  the  shaft,  and  the 
lever  or  swinger  26  to  act  on  tlie  catch-box.  The  rod  23  is  lengthened,  to 
connect  this  swinger  with  the  other  two.  On  the  upper  part  of  the  fi^re 
is  the  remainder  of  the  apparatus,  consisting  of  a  catch  on  the  upper  side  of 
the  catch-box  13 ;  the  worm  on  a  loose  round  on  the  shaft  27,  with  a  catch 
on  the  under  side,  to  operate  with  its  conesponding  catch  on  the  catch-box 
13;  the  screw-wheel  28  to  act  in  the  worm;  the  arm  29,  on  a  loose  round 
on  the  axis  of  the  screw-wheel,  confined  near  the  circumference  of  the 
wheel  by  the  staple  30,  but  having  play  the  width  of  the  staple,  the  «fod 
of  the  arm  farthest  from  the  axis  being  intended  to  act  on,  and  press  down, 
the  swinger  19;  and  the  spring  31,  fixed  on  the  wheel,  which  presses 
against  the  back  of  the  arm. 

The  whole  of  the  machinery  in  the  figure  is  represented  out  of  the  gccr. 
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ind  is  ID  the  position  as  when  ready  to  set  off  from  one  end  of  the  spLnnin|^ 
l^and,  to  follow  the  yaraa  to  the  wiDdiug-machine.     In  that  posikion  it 
continues  until  it  has  arrived  at  the  winding-machine,  and  the  yarns  are 
disengaged  from  the  spindles  when  the  main  lever  17  is  lifted  up  by  band 
into  the  caLch  24,  for  the  purpose  of  putting  the  spinning  and  travelling  mo- 
tions into  geer,  as  formerly  described.    By  the  rttising  up  of  this  lever  the 
finger  19  is  pulled  down,  and  the  arm  29  is  thus  diaengsiged,  wliicli  hav- 
r  play  within  the  staplct  swings  forward  by  its  own  weighty  clear  of  tho 
vhich  if  hollowed  or  bent  at  that  place  for  the  purpose,    Tlteob- 
'  IS,  iliat  tlje  arm  may  not  be  in  the  way  of  tho  swinger  10  the 
,»r  Ai  mut-  It  goes  into  geer  with  the  worm.     When  the  machine  has  returned 
to  the  other  end  of  the  ground,  and  the  yams  consequently  are  spun  to  ih«^ir 
full  length,  the  catch  24,  on  which  the  main  lever  resu,  is  thrown  buck  by 
^nl^e  machine  j?oing  against  a  fixture  in  the  ground,  a.^^   has  been   befora 
Knentioned,  and  the  lever  (being  sufficiently  weighted  at  ihu  handle  end) 
■drops  down,  by  which  means  the  travelling  motion  in  stopped.    Tlie  twi*t- 
Bog  motion  would  also  be  stopped,  were  it  not,   (as  will  be  seen  from  iJie 
"ligure)  that  though  the  catch-box  14  is  thrown  out  of  geer  with  the  »heeve« 
OD  the  upper  side,  the  catch-box  25  will  be  at  the  same  instant,  and  by  the 
same  movement,  thrown  into  geer  with  it  on  the  under  side,  so  that  tli« 
twisting  motion  continues.    Tlie  under  side  of  the  catch-box  13,  being 
'  rown  out  of  geer  with  the  pinion  A,  (which  ?itops  the  travelling  motiou) 
upper  side  of  it  will  be  at  the  same  instant,  and  by  the  same  movement, 
irown  into  geer  with  the  worm  27,  which  consequentty  gives  motion  to  the 
r-wheel  28 ;  the  arm  29  (which  it  will  be  recollected  is  then  hanging 
lown)  is  also  carried  round  with  the  wheel ;  and  when  it  comes  in  cunlacU 
iving  nearly  made  one  reTolution  with  the  swinger  19,  it  forces  it  down* 
md  by  thi<!  means  puts  the  catch-box  35,  as  well  a^  its  own,  out  of  geer,  and 
whole  01  the  machinery  to  stop.     The  use  of  the  spring  31,  piess- 
I  the  back  of  the  arm,  is  to  cause  it  to  force,  as  soon  as  the  catches 
1.5  iUMi  lit  are  out  of  geer,  the  swinger  19  a  little  further  dovi/u,  which  Jt  will 
tbeo  be  enabled  to  do,  inconsequence  of  the  resistance  a^uinst  it  being  de- 
creased; the  object  of  thb  is  to  prevent  any  jarrini*  of  the  catches  when  in 
that  situation.    The  spring  is  prevented  forcing  loo  fur  by  a  stop.     Another 
method  of  forcing  the  swinger  thus  much  further  do%Mj  may  be  adopted,  by 
fixing  a  pin  or  fang  to  project  from  the  framing  of  the  machine,  so  as  tlie 
end  of  the   spring  above  mentioned  may  come  in  contact  with  it  :i  little  be- 
'>re  the  time  when  the  arm  begins  to  force  down  the  swinger,  in  order  that 
^tiw  arm  may  be  relieved  from  the  pressure  of  the  sprini;  until  the  arm  hn*s 
d  the  swinger  down  nearly  to  tne  point  of  sending  the  catcher  out  uf  gei^r, 
[mt  which  time  the  end  of  the  sorin^j;,  having  got  free  of  the  pin,  comes  with 
t  nu'ld^'O  blow  against  the  bacx  of  the  arm,  and  thus  sends  down  the  catches 
clear  of  those  with  which  they  were  in  geer  ;  the  spring  in  this  case  also  is 
preventetl  from  forcing  too  mr  by  means  of  a  stop.    Tlie  lime  the  screw- 
^heel  15  in  going  round  is  the  time  allowed  for  the  afler-lwisl:  but  should 
one  wheel  not  allow  sufficient  time  for  the  purpose  the  motion  may  be  \\nu*'f 
d^re^Lsed,  by  any  usual  and  well-known  means,  and  change  wheels  may  be 
applied  to  suit  the  difTerent  kinds  of  yarn. 

In  tempering  the  strands  of  all  kinds  of  cordage,  whether 

»hroud,  hawser,  or  cable-laid,  it  is  well   known  that  from 

'various  causes  an  inequality  of  tension  between  the  different 

itrands  intended  for  the  same  rope  takes  place,  and  is  most 

lonly  apparent  during  or  after  the  operation  of  hardening, 

mie  of  the  strands  becoming  too  slack,  others  too  tight,  and 
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GOOBequenlly  of  unequal  lengths,  though  originally  they 
may  have  been  of  equal  length,  and  have  received  the  same 
twisting  or  number  of  turns  by  machinery  of  the  most  improved 
and  penect  construction.  In  cases,  therefore,  where  this  in- 
equality appears,  the  strands  require  to  be  rectified,  by  being 
brought  to  an  equal  degree  of  tension,  in  order  that  each 
may  bear  its  equ^  portion  of  strain  in  the  rope  when  made. 
The  operation  for  effcctine  this  object  is  commonly  called 
tempering  the  strands ;  and  the  method  in  general  practice  is 
to  give  more  twist  to  a  slack  strand,  or  to  l^e  twist  out  of  a 
tight  one,  or  to  do  both.  In  some  rope-grounds  where  the  ma- 
chinery is  driven  by  steam,  or  other  considerable  power,  the 
method  adopted  is  to  give  more  twist  to  the  slaclc  strands, 
which  is  done  by  stopping  the  twisting  of  the  tightest  strand, 
by  throwing  its  hook  out  of  geer,  and  to  keep  it  wfuting  in 
that  position  until  the  slack  strands  have  twisted  up  to  the 
same  tension. 

These  methods  in  most  cases  are  defective ;  because  the 
strand  to  which  more  twist  is  given  is  thereby  rendered  less 
pliable,  and  is  of  smaller  circumference ;  consequently  it  can- 
not top  or  lay  up  in  the  rope  evenly  and  regularly  with  the 
other  strands  which  have  less  twist ;  for  the  harder  twisted 
one  will  in  the  rope  sink  inwards,  and  the  others  stand  out- 
wards and  form  more  of  a  spiral  round  the  harder  twisted  one, 
which  will  thereby  have  more  than  its  proportionate  strain 
in  the  rope  to  bear,  and  will  also  be  least  enabled,  when 
under  a  strain,  to  stretch  up,  so  as  to  avail  itself  of  the  as- 
sistance of  the  others,  and  by  consequence  must  be  the  first 
to  break.  Should  the  inequidity  of  tension  be  occasioned  by 
any  orit^nal  ineqtiality  of  thickness  in  the  strands,  the  smallest 
one  will,  during  the  process  of  hardening,  become  the  slack- 
est, and  in  tempering  by  twisting  it  up  to  the  tension  of  the 
tightest,  the  inequality  of  size  will  by  that  means  he  increased  j 
for  the  more  it  is  twisted,  the  still  smaller  in  circumference, 
as  well  as  shorter  in  length,  will  it  become.  But,  supposing 
all  the  strands  were  originally  of  equal  thickness,  and  that  the 
inequality  in  tension  proceeded  entirely  from  an  error  in  the 
original  lengths ;  it  is  plain,  that,  by  tempering  according  to 
the  methods  in  question,  (and  no  other  methods,  after  the 
strands  are  fixed  on  the  hooks,  and  the  work  has  commenced, 
can,  by  any  machinery  hitherto  in  use,  conveniently  be  adopted,) 
the  same  defective  principle  still  applies,  which,  by  causing 
cMic  strand  to  be  harder  twisted,  and  consequently  to  become 
of  a  smaller  size,  and  another  to  be  softer  twisted,  and  to  be- 
come of  a  larger  size,  prevents  the  whole  from  jointly  forming 
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regular  and  perfect  rope,  and  to  stretch  equally  when  under 
Htrain,  as  already  described. 

As  a  more  convenient,  accurate,  and  cert^u  method,  than 
ly  hitherto  practised,  appeared  to  be  necessary,  Mr.  Dun  - 
III   invented  and  adopted   a  new  mode  of  tempering  the 

krauds  of  all  kinds  of  cordage,  whether   shroud,  hawser,  or 

bble-latd  :  the  nature  and  general   principle  of  whicli  is,  to 

use  any  one  strand-hook  of  the  foreboard,  or  forebourd-mA- 

liiie,  when  the  strand  attached  to  it  requires  to  be  tightened, 

recede  from  its  corresponding  opposite  hook  of  the  sledge 

titranding  machine,  to  which  the  other  end  of  the  strand  is 

Itached ;  or  when  it  requires  to  be  slackened,  to  cause  it  to 
yance  towards  its  corresponding  opposite  hook,  thus  briog- 

Ig  all  the  strands  to  an  equal  tension,  without  one  strand- 

iDok  making  more  revohitions  than  another.     And,  what  is  of 
cntial  importance  to  this  invention,  the  operation   may  he 

lerformed  leisurely,  as  occasion  may  appear  to  require,  either 
fore,  during,  or  after  hardening  the  strands,  without  stop^ 
*ig  the  twisting,  or  other  motions,  or  occasioning  any  intcr- 
ption    to  them   whatever;  and  with   more  ease,   minute 

ecuracy,  and  useful  effect,    than  by  any  other  method  yet 
ctised  for  the  purpose. 

In  order  more  particularly  to  exemplify  and  illustrate  this 
irt  of  the  invention,  we  have  annexed  engravings  of  the 
achinery  which  Mr.  Duncan  has  contrived  and  adapted  for 
le  purpose. 

In  iag.  481,  ABC  represent  ihe  upper  part  of  the  framing  in  which  the 

achinery^  placed  at  the  foreboard,  is  nxoa;  C  being  the  front  of  it,  fucitig 

'  lookin;^  oown  the  rope-walk.     D  is  a  loothetl  wheel,  receiTing  motion 

vm  any  external  machinery^    Tlvis  wheel  dnvps  the  other  toothed  wheel  E, 

her  of  ihem  can  be  changed  to  suit  the  ipeed  of  the  motion  required. 

ihed  wheel  E  is  fixed  upon  the  axis  of,,  and  giveat  motion  to,  the 

wheel  or  fluted  cylind<*r  F  ;  which  cylinder  drives  the  four  pinions 

,3,  4,  who5e  ax1es>  to  the  hooks  of  which  the  rope  strands  are  attached 

twi&tin;;  and  temp<?ring,  are  the  four  strand  hook  spindles  a,  ft,  c,  rf. 

•fi«w#r  the  purpa'^e  of  the  invention,  the  strand  hook  spindle*,  besides 

the  rotative  or  twisting  motion  which  we  have  already  described, 

to  contrived,  for  the  tempering  of  the  strands,  that  any  one  or  more  of 

em  iixixy^  while  the  twisting  motion  is  or  is  not  going  on,  be  made  to 

ide,  in  u  horizontal  direction,  parallel  with  the  axle  of  the  cylinder  F, 

K  any  p«ri  of  it;*  kmgth,  either  backward  or  forward,  as  shall  now  be 

iwd.     The  strand  hook  spindles  having  to  slide,  as  has  been  said,  in 

tiiin  parallel  to  the  axis  of  the  cylinder,  are  of  course  placed  in  that 

on,  and  r-o  as  their  pinions  may  pass  each  other.     The  positions  af 

pinloas  round  the  cylinder  are  seen  in  fi]B^.  4B2,  which  represents  a 

fifw  of  the  machinery;  the  same  references  in  each  figure  bein|j;used 

ote  the  same  part.     As  all  the  four  strand  hook  spindlf**,  with  their 

panimenu  and  immediate   connections,  are  precisely   the  same,  a 

iption  of  one  will  be  sufficient ;  we  will  therefore  take  the  spindie  *» 

481.    G  H  ts  a  long  or  mule  screw,  z.  few  inches  longer  than  th« 
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cylinder,  npon  which  is  fitted  the  nut  or  female  screw,  e,  having  spokes  or- 
arms,  to  admit  of  it  being  turned  by  hand.  Joined  fast  to  tliis  long  screw 
is  a  head-piece  or  claw  f,  within  which  a  carrier  or  step  is  fitted,  and  in 
which  the  adjoinine  end  of  the  strand  hook  spindle  revolves.  Two  collars, 
g  and  hf  fitted  on  die  spindle,  one  on  each  nde  the  step,  cause  the  spindle 
to  accompany  the  long  screw,  either  backward  or  forward,  when  moved  by 
turning  the  nut  e,  the  rotative  motion  of  the  spindle  going  on  at  the  same 
time  if  required ;  t  and  k  are  two  steps  or  guides,  fixed  on  the  cross 
framing  B  and  C,  through  which  the  spindle  may  pass  and  repass,  and  in 
which  It  also  revolves ;  J  is  a  carrier  of  the  same  aescription,  fixed  on  the 
cross  framing  A,  through  which  the  long  screw  may  pass  and  repass,  but 
without  revolving.  Fast  upon,  and  projecting  from  the  head-piece/,  and 
consequently  accompanying  the  long  screw  and  spindle  in  the  sliding 
movement,  (see  the  side  view,  fig.  483,)  is  the  tongue  m,  the  end  or  point  of 
whidi  is  fitted  to  pass  along  during  that  movement  in  a  slot  in  the  rail  m, 
fixed  parallel  with  the  long  screw  and  spindle,  between  the  two  cross 
bearers  A  and  B. 

The  object  of  this  contrivance  is  to  prevent  the  spindle 
(one  end  of  which^  as  has  been  shown^  revolves  within  the 
head-piece  of  the  lonff  screw)  from  carrying  round  the  screw 
along  with  it,  and  to  Keep  the  screw  and  its  head-piece  at  att 
times  steady,  and  in  a  direct  line  with  the  spindle.  For  the 
purpose  of  keeping  the  long  screw  stationary  in  the  situation 
to  which  it  may  have  been  kst  set,  the  pull  of  the  strand  on  the 
hook  (by  pressing  and  abutting  the  screw-nut  e  agiunst  the 
back  of  the  carrier  /)  will  always  be  found  to  be  sufiBcient. 
The  diameter  of  the  cylinder  F  may  be  about  two  feet,  and 
that  of  each  of  the  fore  pinions  I,  2,  3,  4,  about  one  foot, 
more  or  less,  according  to  the  speed  desired,  and  the  discre- 
tion of  the  mechanic.  The  pitch  of  their  teeth  should  be  the 
same  as  that  of  the  teeth  of  the  cylinder.  The  length  of  the 
cylinder  should  at  least  be  equal  to  the  greatest  difference  or 
inequality  of  length  ever  likely  to  take  place  between  the 
slackest  strand  and  the  tightest  strand  intended  for  the  same 
rope,  previous  to,  or  during,  the  operation  of  hardening,  when 
they  are  both  brought  to  an  equal  tension  by  tempering 
according  to  this  method.  The  inequality  of  length,  or,  iu 
other  words,  of  tension,  which  takes  place  in  the  strands 
during  the  process  of  hardening  them,  is  generally  found  to  be 
in  proportion  to  their  circumference,  and  is  more  in  a  set  of 
the  large  strands  than  in  the  small.  In  rope- walks,  therefore, 
where  cordage  of  the  largest  size  is  manufactured  for  the  use 
of  his  Majesty's  navy,  the  length  of  this  cylinder  should  not 
be  less  than  four  feet ;  but  Mr.  Duncan  has  found,  by  expe- 
rience, in  manufacturing  cordage  for  merchantmen  of  the 
greatest  burthen,  that  few  cases  occurred  where  it  was  requisite 
for  the  length  to  be  more  than  three  feet.  In  rope- walks 
where  cordage  on  the  common  principle  is  manufactured,  some 
additional  length  is  necessary.     Each  of  the  four  x)lnions  is 
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liMened  iroon  the  middle  of  the  length  of  its  strand  hook 
ipindle.  Supposing,  therefore,  that  Uie  pinion  2  should  be 
act  ao  as  to  be  exactly  at  one  end  of  the  cylinder  nestt  to  the 
Oma  framing  B,  it  must  be  enabled  t6  slide  along  to  the 
onoaite  end  next  the  cross  framing  C,  and  also  back  again 
lOD;  for  this  purpose  the  spindle  must  always  be  kept  in 
Kb  Bteps  or  carriers,  i  and  k,  which  support  it,  and  in  which 
ll  both  slides  and  revolves,  and  therefore  it  requires  to  be 
donble  the  length  of  the  cylinder,  besides  an  additional  length 
cquJ  to  the  spaces  in  its  passage  occupied  by  the  necessary 
ilm,  framing,  clearances,  &c.  The  length  of  the  long  screw 
G  H^  and  of  the  rail  9i,  are  each  the  length  of  the  cylinder, 
■id  correspond  with,  or  are  a  few  inches  longer  than  the 
iBdiDg  distance,  to  allow  for  steps,  &c.  as  arove.  It  has 
shown,  Ihat  the  cylinder  drives  the  four  strand  hook 
indies,  and  that  any  one  of  them  can  be  moved,  by  means 
Ha  screw,  either  backward  or  forward,  without  intemipting 
own  rotatory  motion,  or  the  rotatory  motion  of  any  <n*the 
lers ;  the  teeth  of  the  pinions  being  for  this  puipose  kept 
in  gcer  with,  while  at  the  same  time  they  are  maile  to  slide 
■long  between,  the  teeth,  or  in  the  fiutings  of  the  cylinder. 

Suppose,  then,  that  the  strands  are  attached  to  their 
icapective  hooks,  and  the  pinions  setsoastobeallatan 
equal  distance  from  each  end  of  the  cyluider,  and  all  the 
itfBDd  hook  spindles  going  round,  twisting  and  hardening 
the  strands,  the  operation  of  tempering  is  performed  merely 
by  turning  round,  by  hand,  as  often  as  required,  any  one  or 
more  of  the  screw-nuts  either  way  about,  as  the  case  or  cases 
may  require,  according  as  any  one  or  more  of  the  strands 
require  slackening  or  tightening 'for  bringing  them  all  to  an 
equal  tension.  Tliua,  in  order  to  slacken  a  tight  strand,  its 
hook  must  be  advanced  forward  further  from  the  front  of  the 
firaming  C  ;  and  in  order  to  tighten  a  slack  strand,  its  hook 
must  l^  drawn  in,  towards  the  framing. 

Fig.  484  is  a  side  tiew,  representing  some  Tariation  in  the  machinery  for 
cAeting  the  sliding  movement  of  the  strand  hook  spindles  on  the  same 
te,  and  answerin|f  the  same  purposes,  as  the  plan  in  fig.  481,  already 


After  the  mil  descriptions  and  explanations  already  given,  a 
Toy  short  account  tvill  be  sufficient  to  make  this  fully  understo<>d :.  6  is  a 
stand  hook  spindle,  similar  to  those  in  fig.  481,  excepting  that  the  pinion 
9  is  not  made  fiut  upon  it,  because  ^t  has  to  pass  or  slide  through  the  axle 
hole  of  the  pinion.  In  ordec  that  the  spmdle  may  at  the  same  time 
wvolTe  with  the  pinion,  the  slot  10  is  cut  upon  one  side  of  the  spindle, 
Ahe  kngth  of  the  slot  being  the  sliding  distance,)  which  slot  receives  a 
Nidwr  or  key  in  the  axle  hole  of  the  pinion,  through  which  the  slotted  put 
«f  the  spindle  is  to  pass  and  repass,  as  occasion  may  require,  the  feather 
shnqn  remaining  in  the  slot  to  carry  round  and  give  the  rotatory  or 

2f 
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twiHiDg  motion  to  Um  tptiuUe.  Tht  parts  /  ^,  and  A  are  eiactW  thf 
fame  as  the  parts  whick  have  the  same  duuracteis  w  fig.  481.  I  is  a  racx,  (to 
answer  the  same  purpose  as  the  Ions  screw  in  fig.  481,)  which  the  pinion  o, 
hy  means  of  the  nanale  d,  moves  eiuer  backward  or  forward.  The  ratchet^ 
wheel,  f,  and  its  catch,  nold  the  rack  and  pinion  stationary  in  the  sitnatioa 
to  wkidi  they  nay  be  set ;  II  and  A  are  the  steps  in  which  the  spindU 
TCvolTei^  and  through  which  it  also  riides;  rr  are  two  rings  or  washera, 
loose  upon  the  spindle,  between  the  steps  ii  and  the  pinion  2,  intended  ta 
qualify  the  friction  during  both  the  shding  and  the  rotatory  opetatioo  of 
Vie  spindle ;  •  is  a  guide  or  step  for  the  radc  to  slide  in,  made  square  at 
the  bottom,  which  renders  the  tongue  and  slot,  shown  in  fig.  483,  unneces- 
sary. The  wheel  K,  receiving  motion  from  any  eitemal  niBehineTy,  drives 
the  pinion  9.  Change  wheels,  for  vaiying  the  motioui  may  be  applied  to 
this  method  in  the  same  way  as  in  fig.  481. 

From  what  hai  already  been  deBcribed,  it  will  i^pear,  that 
the  strand  hook  spindle  may,  bv  means  of  the  rack  I  ant) 
pinion  o,  be  drawn  or  slided  either  backward  or  forward, 
Chfough  its  pinion  2»  without  interrupting  its  rotatory  motion} 
the  pinion  9  alwap  keeping  in  geer  with  Sie  wheel  K,  by  whidi 
H  is  driven,  and  which  hitter  may  receive  its  motion  from 
any  external  machinery.  Referring,  therefore,  to  the  former 
description,  it  will  be  evident,  without  further  explanation, 
by  what  means  the  strands  are  to  be  tempered  by  this  variation 
in  the  machina^. 

The  reader  will  observe  that  there  are  two  prindples  by 
which  the  strands  of  cordage  may  be  tempered  or  brought  to 
an  equal  tension ;  the  one  by  causing  any  one  or  more  of  the 
strand  hook  spindles  either  to  advance  or  recede,  whereby  an 
equal  tension  will  be  effected  without  one  spindle  making  more 
revolutions  than  another ;  and  the  other,  that  of  causing  any 
one  or  more  of  the  strand  hook  spindles  to  be  at  rest  while 
the  others  are  revolving;  whereby  an  equal  teniiLon  Mill  be 
effected  by  an  unequal  number  of  revolutions.  If  one  of 
these  two  principles  only  is  to  be  adopted,  Mr.  Duncan 
prefers  the  former,  as  being  generally  more  appropriate  and 
effectual.  As,  however,  it  sometimes  occurs  in  practice, 
that  the  i^Ucation  of  the  one  principle,  sometimes  of 
the  other,  and  sometimes  of  both,  proves  to  be  the  most 
proper  and  effectuid  remedv,  Mr.  Duncan  has  invented  a 
still  more  perfect  method,  by  which  either  or  both  of  the 
principles  may  be  practically  applied  in  one  set  of  machinery. 
This  object  which  had  never,  we  believe,  been  before  accom- 
plished, is  effected  merely  by  applying  to  either  of  the  two 
varieties  of  machinery  before  describdl,  an  additional  appa- 
ratus, so  that  all  kinds  of  cordage-strands  may  thereby  be 
tempered,  either  entirely,  by  the  principle  of  causing  any 
one  or  more  of  the  strand  hook  spindles  te  advance  or 
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I  at  entirely^  by  causing  any  one  or  mmt  of  the 
ttnnd  hook  spindles  to  be  at  rest  while  the  others  ar^' 
iCfolving  ;  or  partly  by  tlie  one  and  partly  by  the  other/ 
iteprdtiig  as  the  original  cause  occasioning  the  inequality  of 
ttadon  In  the  different  strands  may  point  out ;  the  whole^  or, 
any  part^  of  the  operations  going  on,  either  together  or 
i^imtclyy  aa  may  be  found  couveruentj  without  interruptlaa 
to  each  other. 

Tig.  4B5  is  a  plan  Bhoving  {he  additional  machinery  for  tempering,  by 
tommaixiii;  the  two  pnnctpjes  as  adapted  for  the  first  described  roacliinery, 
iqncKQted  in  fig.  481.  Xhe  difference  l>elween  the  machinery  of  fig.  481, 
IM  ihat  of  fig-  485,  conaisls  chiefly  in  the  latter  having  iis  pinion  2  looser 
vpootke  twiiiLing  spindle  b^  but  confined  between  two  coU&r«,  which  are 
htH  upon  the  spiodle.  The  reason  of  the  pinion  running  on  a  loose  round; 
iit.tiist  it  may  ixe  either  put  in  or  out  of  geer  with  the  ipindle,  by  means  of 
1h§  otch-box  t  and  lever  u.  The  catch-box  has  a  stot,  fitting  a  feather 
«■  the  spindle,  in  order  tlial  it  may  revolve  with  it,  as  well  as  slide  in  or 
mA  of  geer,  when  moved  by  the  lever.  The  ratchet-wheels  v  and  w  ar« 
upon  the  spindle,  one  having  teeth  cut  the  reverse  of  the  other,  that 
%  0  palls  X  and  y  may,  wh^  the  spindle  is  thrown  out  of  gcer 
II,  prevent  tl»u  strands  fr^m  untwiiling,  as  otherwise  the 
ul  Ue  at  liberty  to  be  acted  upon  by  the  force  of  twist  already 
ta  ibe  strand.  Tl\c  paJl  y  is  flat  towards  the  point  for  holdinc;  a^inst  thir 
titchet-wheel  w  for  a  right-hand  twist,  and  the  pall  s  is  hooked  towards  tts' 
poml  for  holding  the  wheel  v  for  a  Icfl-haDd  twist.  So  far,  this  apparatus 
wtmiXd  serve  the  purpose  either  of  keeping  ttJ  geer,  or  stopping  the  rotatory 
aobon  of  the  spindle,  provided  it  were  not  also  requirea  to  perform  the 
ifiding  movement.  In  order,  therefore,  to  complete  the  apparatus  for  both 
ditoe  purposes,  the  arm  r,  fastened  to  the  claw  or  head-piecv  '  ^  ^  rmilng 
«ur  piece  with  the  lonpt  screw  C  H,  stretches  alongside,]  i  th« 

vpindle,  so  that  its  other  end  is  nearly  opposite  to  the  piui-M,  v,u<ie  it  is 
famtahed  with  two  ears,  having  each  an  eye  or  ring,  7  and  7,  fittin>r  easy 
«pOQ  tHie  round  iron  rod  6;  which  rod  is  fixed  parallel  with  the  spindle^ 
IwUfeta  the  cros^  framing  B  and  C.  The  step  9,  on  the  cross  framing  B, 
ttnm  as  a  giiide  for  the  arm  s.  It  is  necessary  ihat  the  distance  between 
Bind  C  should  be  as  much  longer,  than  the  distance  in  fi^.  481,  as  the 
Uoj^  taken  up  or  occupied  by  the  cafeh-box  and  ratchet<-wheels.  The 
^ll^  tlao  will  require  this  additional  length.  The  arm  t,  during  th« 
Mbg  movement,  has  to  conduct  with  it,  along  the  rod  8,  the  lever  u,  and 
^  rtUbet  palb  x  and  y,  the  rod  serving  them  also  as  a  ^ide  durinf 

movement,  and  at  all  time*  as  an  axle.     Though  the  pinion  * 
1  "*M?r  with,  and  carried  round  by,  the  cvlinder  F,  fig.  481.  yet 
At  - ,  y  goes  round  when  put  in  gcer  witn  the  catch-box  by  thd 

krcr  ,  rt'  the  rotatory  motion  of  the  ipindle  may  at  any  tima^  and 

fpr  ai^  mot  of  time,  be  stepped,  for  the  purpose  of  causing  t^ie  twial  o 
in  ibaiMi  to  cease,  while  at  the  same  time  the  other  strands  arc  twtitin|p 
ap.  Though  only  one  spindle  is  here  spoken  of,  it  is  evident  that  all  or  iny 
Cf  them  may,  from  being  furnished  witn  the  apparatus  now  described,  wT 
■adt  fith^r  to  give,  or  cease  from  giving  twist,  while  any  one  or  more  of 
ei&cf  may  or  may  not,  as  required,  be  performing  the  alidia^ 

Kg.  496  is  a  side  view,  showing  the  method  adapted  for  the  second 
temM  macbinciy,  ai  represented  in  fig.  464,  the  apparatue  in  this  ctet 

2r2 
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•pplyiiw  to  tbe  nafrow  wheel,  and  that  in  the  fonner  case  of  fig.  485,  apply-* 
ing  to  the  wide  wheel  or  crlinder  F.  Tlie  difference  between  the  one  and 
the  otlier  it,  that  the  spindle  and  pinion  in  fig.  485,  slide  together,  as  in 
fig.  481,  whereas  in  the  figure  now  to  be  described  the  spindle  slider 
tfaxon^  the  pinion,  as  in  fig.  484.  The  spindle  b  in  this  figure  is  similar  to 
that  m  fig.  484,  having  a  slot,  to  leceiTO  a  lieather,  which  is  fixed  in  the 
catch-boK  t.  The  pinion  2,  which  is  always  in  geer  with  the  wheel  K,  is 
ftstened  on  the  busn  11^  running  loose  upon  the  spindle  b.  This  bush, 
lieing  furnished  with  the  collar  12,  serves,  dv  means  of  its  revolving  in  the 
cavity  13,  adjoining  the  step  i,  to  keep  the  pinion  in  its  proper  place, 
during  the  spmdle's  sliding  movement :  i  and  k  are  two  steps,  answering 
the  same  purpose  as  those  of  the  same  characters  of  reference  in  fig.  484 : 
o  and  w  are  two  ratchet-wheels,  fast  to  each  other,  but  not  fast  on  the 
spindle,  having  a  feather,  fitting  the  slot  of  the  spindle,  in  order  that  they 
may  bold  it  iaitt  when  occasion  requires,  and  that  it  may  pass  and  repass 
throuch  them  during  the  stiding  movement.  These  ratchet-wheels  are 
furnished'  with  their  two  palls  s  and  y,  altogether  answering  the  same  pur- 
pose as  thoae  described  m  the  former  fig.  485.  The  catch-box  i,  having 
also  a  feather,  fitting  the  slot,  is  furnished  witli  a  lever,  (not  shown  in  the 
figure,)  answering  the  same  purpose  as  the  one  marked  u ,  in  fig.  48S ;  but 
to  suit  the  present  case,  it  woiks  on  a  stationary  pivot,  fixed  to  the  framing 
of  the  machine.  The  two  ratchet  palls  also  work  on  pins  fixed'  to  the 
framing;  and  their  wheels  v  and  w,  being  furnished  with  the  rim  or 
ieucing  14,  are  kept  always  opposite  to  the  palls,  by  means  of  a  bracket, 
(fixed  to  the  framing,  but  not  seen  in  the  figure,)  hollowed  out  to  receive 
the  rim.  It  will  be  evident,  from  what  has  here  been  yaid,  that  the  opera- 
tion of  striking  in  and  out  of  geer  the  rotatory  motion  of  the  spindle  is 
performed  exactly  in  the  same  manner,  and  also  answers  the  same  purpose, 
as  that  described  under  fig.  465 ;  and  that  the  sliding  movement  of  the 
spindle  in  both  cases  is  pe^rmed  in  the  same  manner,  and  answers  the 
same  purpose,  as  descril>ed  under  figs.  481  and  484,  cither  one  or  other  of 
the  methodit,  under  figs.  485  and  48G,  combining  the  two  principles  of  tem- 
pering strands  in  the  manner  previously  pointed  out. 

Though  hi  the  fint-desoribed  machinery  it  has  been  shown, 
that  the  slidhig  moyement  of  the  strand  hooks  may  be 
effected  b;  means  of  a  male  and  female  screw,  and  in  the 
second-described  machinery  by  that  of  a  rack  and  pinion, 
yet  it  will  be  seen,  that  either  means  may  with  equal  pro- 
priety be  applied  to  either  machinery.  And  a  competent 
mechanic^  from  what  has  been  described,  will  easily  perceive 
that  any  other  power,  such  ae  that  of  a  lever,  weight,  or  rope 
and  piiUey,  crone  or  more  of  them  combined,  may  be  applied 
far  the  same  purpose,  though  in  the  first  prderence  be  given 
to  the  screw,  and  in  the  next  to  the  rack. 

Hie  next  part  of  tlie  invention  to  be  described  is  a 
new  method  of  regulating  both  the  backward  and  for\rard 
travelling  movements  of  any  sledge  or  other  locomotive  ma- 
chine tlutt  is  or  may  be  tised  in  a  rope-walk.  The  back- 
ward movement  of  the  stranding-sledge,  or  the  retrograde 
movement  of  that  machine  towards  the  bottom  of  the  rope- 
walk  by  which  strands  are  drawn  out^  in  rope-walks  where 


I 


> 


the  improved  or  patent  principle  of  rope-making  is  adopted, 
Las  hitherto  been  effected  by  tneani  of  a  rope  applied  iu 
different  ways  for  the  purpose.  In  some  cases  the  rope  is 
uiade  to  haul  the  aledge  backwards,  by  fastening  one  end  of 
it  to  the  sledge,  and  the  other  round  the  capstan  or  barrel, 
ftt  the  bottom  of  the  rope- walk ;  and  in  other  cases  the  rope 
11  itretched  tight  along,  and  made  fast  at  each  end  of  the 
rope- walk,  and  two  or  more  doubles  or  bights  of  it  passing 
round  and  grasping  the  game  number  of  grooved  binding 
sheeves  in  the  sledge,  which  revolve  by  connection  with  the 
rotative  motion  of  the  btrand  hooks,  from  which  the  other 
motions  are  derived :  thus  the  sledge  works  itself  backwards 
along  the  rope. 

The  great  object  to  be  attained  in  regulating  this  backvTard 
motion  is,  to  cause  it  always  to  preserve  a  certain  speed  in  a 
^▼en  ratio  with  that  of  the  rotative  motion,  in  order  that  the 
.strands  may  always  receive  the  degree  and  uniform  distribution 
of  twist  intended.  But  in  whatever  way  a  rope  has  hitherto 
been  applied  for  that  purpose,  the  object  bas  never  been 
effectually  attained,  nor  the  operation  conveniently  performed, 
because,  from  the  elasticity  and  specific  gravity  of  llie  rope 
jlKlf,  extended  along  the  whole  length  of  the  rope- walk,  it 
iias  been  found  impossible  to  keep  it  accurately  stretched, 
and  equally  tight  from  one  end  to  the  other,  so  that  when 
tbe  sledge  is  in  motion,  particularly  when  iirst  struck  into 
gecr,  it  pulls  up  the  slack  of  the  rope  from  the  bottom  of  the 
jope^watk,  and  its  retrograde  motion  is  thus  retarded  iu 
proportion  as  the  rope  may  stretch,  slip,  or  give  way. 

The  retrograde  motion  loses  therefore  its  relative  speed 
CommenBurate  with  that  of  the  rotative  motion  of  the  strand 
books,  which  have  in  the  mean  time,  >vithout  intemiption, 
continued  to  put  twist  into  the  strands.  Instances  are  not 
mifrequent  where  they  have  been  twisted  to  such  a  degree 
as  nearly  to  break  them  asunder  before  the  rope  could  be 
lightened  sufficiently  to  cause  the  sledge  to  move  on  at  its 
rr  speed ;  and,  on  the  whole,  it  is  obvious,  that  by  the 
nt  method  of  drawing  out  the  strands,  they  can  neither 
Ttccive  their  proportionate  twist  nor  the  distribution  of  it. 
The  labour  required  in  applying  the  rope  is  besides  extremely 
Inconvenient  and  troublesome,  because  it  reqiiires  to  be  first 
fixed  to  the  sledge,  or  round  its  binding  sheeves,  at  the  top 
of  the  rope- walk,  then  tightened,  and  aflern^ard  disengaged 
at  the  bottom,  on  every  single  occaaion  of  drawing  out  a 
strand  or  set  of  strands.  The  plan  also  is  expensive,  because 
ihe  constant  wear  and  tear  is  considerable,  and  requires  the 
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n^  to  be  frequentiy  renewed.  An  iron  cludn  may  indeed 
be  applied  for  the  purpose,  and  though  not  reqmring  to  be  so 
frequently  renewed,  it  is  equally  objectionable  with  the  rope 
in  most  other  respects,  and  on  some  accounts  more  so.  The 
forward  movement  of  the  stranding,  topping,  and  dragging 
sledges,  is  that  slow  progressive  movement  necessarily  re- 
quired towards  the  top  of  the  rope-walk  bv  the  shortening  or 
shrinking  uf  of  tiie  strands  iii  twisting,  wnfle  forming  on  the 
common  prmciple,*  and  of  the  strands  and  cordage,  either 
common  or  patent,  whibt  hardening  and  tapping.  It  will 
readily  be  seen,  that  this  movement  should  also  be  uniformly 
^^plar,  in  a  given  proportion  to  the  twisting  motion,  and 
that  the  travelling  distance  should  be  neither  more  nor  less 
than  the  length  the  stnuid  or  rope  ought  to  shrink  up. 
According  to  the  usual  method,  a  number  of  press  barrels  or 
weights  are  placed  on  the  stranding  or  topping  sledge,  or  on 
.a  dng  sledge,  /ffelliched  to  their  tail  end,  to  serve  as  a  resist- 
ance M;ain8t  tlji^  pull  of  the  strand  or  rope  When  shrinking 
up.  fiut  as  the  i^oantity  of  weight  to  be  applied  is  to  be 
varied  and  proportioned  to  the  dze  of  the  strand  or  rope,  and 
degree  of  t^t  required,  and  as  the  Inction  of  the  drag  on 
the  ground  is  greater  on  some  parts  than  on  others,  the 
operation,  depending  on  criterions  so  uncertain,  must  be 
attended  mth  a  ^reat  degree  of  irregularity,  both  witli  regard 
to  the  sledge  sli£ng  foster  or  slower,  and  also  with  regard  to 
the  whole  length  to  which,  eventually,  it  may  be  dragged; 
thereby  occasioning  a  proportionate  irregularity,  both  in  the 
dlBlribution  and  total  quantity  of  twist  or  lay  in  the  strands 
or  rope,  corresponding  with  their  length. 

The  object,  therefore,  of  this  invention,  with  regard  to  the 
backward  movement,  is,  to  cause  the  sledge,  or  any  other 
locomotive  or  travelling  machine  used,  or  that  may  be  used, 
in  a  rope-walk,  to  travel  and  recede  down  the  ^valk  at  one 
uuifocm  speed,  such  as  shall  be  predetermined  as  proportion- 
ate with  the  rotatory  speed  of  the  twisting  hooks  of  the 
madune,  so  as  to  cause  the  twist  to  be  uniformly  regular 
throughout  each  operation.  And  the  object  of  this  invention, 
with  regard  to  the  forward  movement,  is,  to  cause  the  sledge, 
or  other  movable  machine,  to  which  any  kind  of  strand  or 
rope  may  be  attached,  for  the  purpose  of  being  formed, 
hardened,  or  laid,  to  travel  slowly,  and  advance  up  the  walk, 
during  the  operation,  at  one  uniform  predetermined  motion, 
and  precisely  the  length  or  distance  assigned  to  it,  ecjual  to 
that  which  the  strands  or  rope  ought  to  shrink  up  m  the 
operation. 


AND    MACHtMST. 


H&VMig  Stated  the  object  of  this  ptft  of  the  inTtniioi^ 
«lttl]  now  proceed  to  show  tbst  the  nature  and  fttndii- 
principle  of  it,  and  the  means  for  accurately  and 
irenieutly  attaining  all  the  objecta  in  riew,  both  vnth 
»gard  to  the  backward  and  forward  movement,  constist  ia  % 
'fDck,  or  rack- way,  of  cast-iron,  or  other  suitable  material, 
||aid  down  and  fixed  upon  and  alon^  the  rope- walk,  from  one 
of  It  to  the  other,  parallel  with  a  railway,  upon  which 
atraiuling  sledge,  or  any  other  sledge  or  locomotive 
mcbiitc,  is  to  travel.  The  teetli  of  the  rack-way  are  of  Uie 
WB^  pHch  as  the  te^th  of  a  wheel  whose  axle  ia  in  the 
niacfaine.      The    motion   of   this  irheel  being    given    and 

rXDcd  by  the  other  motions  in  the  machine  which  turn 
ivisting  books,  the  travelling  speed  of  the  machine, 
wlieiher  working  backward  or  forward,  becomes  at  all  tiitieii 
li^rm,  and  in  a  ^ren  certain  ratio,  with  the  speed  of  its 
Idting  motion  ;  for  the  whole  machinery  being  composed  of 
and  tooUied  work,  no  part  of  it  is  liable  to  slip  or  yield. 
\%  required  speeds,  both  of  travelling  »nd  twisting  motionB, 
ire  adjustable  by  change  wheels,  fjo  suit  each  other  in  that 
machine,  as  well  as  in  any  other  machine  or  machines  that 
may  be  employed  in  one  and  the  same  operation.  The  whole 
machiuery  may  be  driven  by  an  endless  rope,  receiving  it* 
motion  from  external  machinery  at  the  top  of  the  rope-walk^ 
by  any  other  means  in  use  for  drivitig  locomotive  ma- 
in ery  ;  for^  we  need  scarcely  observe^  that  it  is  not 
"oecesBary,  for  tlie  purpose  of  producing  accurate  work,  that 
tba  motion  which  goreros  all  the  others  should  be  unifonn^ 
»,  whether  the  original  motion  be  quicker  or  slower 
time  than  another  during  the  opemtion,  the  motions 
;peadaut  on  it  will  still  keep  tlieir  proportionate  speed, 
only  difference  will  be  iii  the  time  In  wlucb  the  work 
be  ^nished.  We  ha\^  mentioned  the  particular  cases 
which  this  part  of  the  invention  is  more  essentially  nteftil} 
Mr.  Dtmcaji  claims  the  application  of  the  rack^  in 
ler  dcfiisribed^  as  an  invention  subservient  to  evcrv 
in  any  stage  or  process  of  rope-making,  for  which 
ity  of  travelling  motion  to  any  machine,  either 
or  forwaitl,  in  a  rope-walk  or  elsewhere^  may  be 
^d 
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if  represented  as  driven  by  theendless  rope  O;  13  and  14  are  two  gnide 
pullies,  to  copduot  .the  rope  in  going  on  and  "coming  off  the  large  aheeve.or 
grooved  nvheel  P,  round  which  that  rope  (driven  by  external  macbineryy 
and  ranning  from  top  to  bottom  of  the  rope-ground)  passes,  by  which  the 
dnt  movement  in  the  sledge  is  given.  This  sheeve ,  giving  motion  to  the 
spindle  or  shaft  Q,  uid  being  coupled  with  the  shaft  R,  turas  the  pinion  1, 
which  drives  the  pinion  9,  upon  whose  shaft,  S,  is  the  small  bevel-whed  3, 
.driving  the  large  beveV-wheel  4,  upon  whone  shaft  again  is  the  spur-wheel  5, 
driving  the  other  wheel  6 ;  which  .la9t  whee)  works  in  the  rack-way.  This 
wheel  is  not  £ut  upon  its  shaft,  being  capable  of  sliding  thereon,  for  the 

Imrpose  of  being  put  in  and  out  of  geer  with  the  rack  by  means  of  the 
everT.  Ihe  macnine  travels  on  the  lailway  on  four  track-wheels :  the 
two  shown  in  this  figure  are  nuuked  7.  The  pinions  1  and  2  are  change- 
able, to  suit  the  different  travelling  speeds  required. 

So  far  as  has  been  now  described  refers  only  to  the  bflftkward  movement 
of  the  machine ;  which  movement,  it  must  be  understood,  is  in  the  direc- 
tion along  the  rack-way,  as  from  A  towards  B.  The  contrary,  or  forumri, 
movement  is  of  course  in  the  direction  from  B  towards  A,  and  is  emcted  by 
giving  a  reverse  turn  to  the  vrheel  6,  which  works  in  the  rsbck-way.  The  ne« 
cessary  machineiv  for  this  purpose  b  the  small  pinion  8,  on  the  shaft  Q, 
driving  the  wheel  9,  on  the  sliaft  U ;  which  last  snaft,  and  the  one  coupled 
with  it,  W,  lie  parallel  with,  and  eitend  to,  the  end  of  the  shaft  R,  in  o«^er 
that  the  pinion  10,  fixed  on  the  end  of  W,  may,  when  required,  work  in  die 
pinion  2.  The  shaft  S  then  beoouoes  common  to  both  the  pinioiu  1  and  10, 
and  may,  as  required,  be  driven  by  either  the  one  or  the  other,  the  pinion  1 
being  for  the  backvrard  movement,  and  the  pinion  10  for  the  forwaitl  move- 
ment, one  of  them  therefore  must  be  out  of  geer  while  the  other  is  in  ge^. 
The  fi^re  shows  the  pinion  10  as  out  of  peer.  But  supposing  it  to  be  in 
geerwith  2,  and  the  pinion  1  out  of  geer  with  it,  the  effect  is,  that  a  con- 
trary motion  is  given  to  the  wheel  6,  which  works  in  the  rackp-way,  by  means 
of  the  intervening  wheels  3, 4,  and  5,  before  described.  The  twisting  mo- 
tions of  this  machine  are  produced  by  the  shaft  Q  being  continued  to  the 
front  of  the  machine,  where  the  wheel  11,  on  the  end  of  the  shaft,  drives 
the  counter-wheel  12,  from  whence  the  required  degree  of  speed  is  given  to 
the  twisting  hooks.  From  what  has  been  before  described,  it  will  be  seen, 
that  the  backward  and  forward  motions  of  the  machine  are  produced  by 
means  of  the  wheel  6  working  in  the  rack-way  either  wav  about  ss  required. 
As,  therefore,  any  predetermmed  quantity  of  twist  may  be  given  by  means  of 
the  change  vvheels  11  and  12,  whilst  at  the  same  time  the  machine  may  be 
made  to  travel  at  any  given  predetermined  speed,  either  backward  or  forward, 
by  means  of  the  change  wheels  1,  2,  and  10;  and  as  the  twisting  as  well  as 
the  travelling  motions  are  driven  by  one  and  the  same  impulse,  originating 
in  the  machine  at  the  grooved  wheel  P ;  they  must  always  preserve  a  rela- 
tiv^speed  to  each  other  in  such  proportion  as  may  be  assigned  to  them.  A 
forked  lever,  clasping  on  the  catch-box  15,  serves  either  to  put  in  or  out  of 
geer  all  the  motions  of  the  machine,  excepting  that  of  the  grooved  wheel  P. 

Fig.  488  is  ^.  view  of  the  back  end  of  the  same  machine,  showing  as  much 
of  the  madiinery  as  is  necessary  for  understanding  it.  The  same  characters 
of  reference  used  in  fig.  1  denote  the  same  parts  in  this. 

Fiff.  3  is  a  plan  of  part  of  the  rack-way.  A  is  the  rack,  and  N  N  is  the 
wood  sleeper  upon  which  it  is  fastened.  Tlie  forward  motion  of  the  sledge 
is  a  remar^Lably  slow  movement;  the  speed  of  the  wheel  6  therefore  requires 
to  be  considerably  reduced.  The  wheels  shown  in  the  figures  will  not  re- 
duce the  motion  sufficiently  .slow  to  suit  every  possible  occasion ;  but  enough 
is  showi.  to  enable  a  mechanic  readily  to  produce  any  degree  of  motion  that 
maybe  required. 
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Jiiiy  part  of  the  machinery  which  we  have  described 
may  be  driven  by  the  power  of  steam^  water,  wind,  or  animals. 
In  the  course  of  describing  the  different  machines,  and  their 
component  parts^  adapted  for  the  various  purposes  of  the  in- 
vention, we  have  seldom  taken  notice  either  of  their  dimen- 
sions or  of  the  materials  of  which  they  may  be  made,  because 
no  fixed  rules  can  be  given :  but  any  competent  mechanic, 
from  what  .ve  have  shown,  ^\ill  be  enabled  to  apply  6\ich 
«m,  and  use  such  materials,  as  may  be  suited  and  proportioned 
to  the  nature  and  design  of  each  machine,  and  to  the  power 
which  is  to  drive  it,  particularly  when  we  add,  that  the  figures 
in  the  plates  marked  **  Tempering,  and  Backward  and 
Focward  Movements,"  are  made  out  on  a  scale  J  of  an  inch 
to  a  foot,  and  that  the  dimensions  there  given  are  such  as 
Uiay  with  effect  be  applied  in  practice. 


h 


SAW-MILLS. 

Saw-mili^,  con&taicted  for  the  purpose  of  Bawiug  either 
Umber  or  stone,  are  moved  by  anhnals,  by  water,  by  wind,  op 
by  steam.  They  may  be  distinguished  into  two  kinds ;  those  in 
which  the  motion  of  the  saw  is  reciprocating,  and  those  in 
I  which  the  saws  have  a  rotatory  motion.  In  either  case  the 
refii?archcs  of  theorists  have  not  yet  turned  to  any  account: 
Instead  tlierefore  of  giving  any  uncertain  theory  here,  we  shall 
;ee<l  to  the  descriptive  part,  and  refer  those  who  wish  to 
Bomc  curious  investigations  on  this  subject  to  a  Memoir 
on  Die  Action  of  Saws,  by  £ulcr,  en  Mem,  Acad.  Roy.  Berlin. 

Reciprocating  saw^miUs,  for  cutting  timber,  and  moved  by 
water,  do  not  exhibit  much  variety  in  their  construction.  The 
iaw-injll  represented  in  fig.  4i>0  is  taken  from  Gray's  Ex- 
perienced Mill- Wright ;  but  it  only  differs  in  a  few  trifling 
particulars,  from  some  which  are  described  in  Belidor's  Ardd^ 
iectttre  Nyflratiliqite,  and  in  Gallon*s  Collection  of  Machines 
approved  by  the  French  Academy. 

The  pUte  just  refemd  to  sbows  the  elevation  of  the  mill.  A  A  ihe  shaA 
or  uie  upon  which  is  Bxed  the  wheel  B  B^  (of  1 74  or  18  feet  diameter,)  coo- 
tdniik^  40  buckets  to  receive  the  water  which  impels  it  roand  C  C,  a  wheel 
npon  the  NUiie  shaft  containiDg  9C  teeth,  to  dnve  the  pinion  No.  2,  h»viog 
72  leeth,  which  is  fegiened  upon  an  iron  axle  or  spindle,  havini;;  a  couplinf- 
hosL  on  each  end  that  turns  the  cntnliLS,  at  D  D,  round; one  end  of  the  pole 
K  is  put  on  the  crank,  and  its  other  end  mo?es  on  a  joint  or  iron  boll  at  P, 
io  ttir  lower  und  of  the  frame  G  G.  The  cnink  D  D,  being  turned  round  in 
ihc  pole  fi,  moved  the  frames  G  G  up  and  down,  and  those  baring  hxmi  in 
IheiOi  by  lhi>  motion  cut  the  wood.    The  pinioo  No.  2  may  wnk  tW0| 
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thfee,  or  mora  eraaki,  and  thus  move  ai  manv  fiamea  of  saws.  No.  3aa  iron 
wbeel  liaTing  angular  teeth,  which  one  end  or  the  iron  K  takes  hold  of,  while 
its  other  endrolls  on  a  bolt  in  the  Icrer  H  II.  One  end  of  this  lever  mores  on 
abolt  atl,  the  other  end  may  lay  in  a  notch  in  the  frame  G  G  so  as  to  be 
pnlled  up  and  down  bj  it  Thus  the  catch  K  pulls  the  wheel  round,  while 
the  catch  I  falls  into  the  teeth  and  prevents  it  mm  going  backwards. 

Upon  the  axle  of  No.  3  is  also  fixed  the  pinion  No.  4  takms  into  the 
teeth  in  the  under  edge  of  the  iron  bar,  that  is  fiutened  upon  the  frame  TT, 
on  which  the  wood  to  be  cut  is  laid :  hv  this  means  the  mune  T  T  is  mored 
on  iu  rollers  S  S,  along  the  fixed  frame  U  U ;  and  of  coarse  the  wood  listened 
upon  it  is  brought  forward  tothe  saws  as  they  are  mored  up  and  down  by 
reason  of  the  turning  of  the  crank  D  D.  V  V  the  machine  and  handle  to 
raise  the  sluice,  when  the  water  is  to  be  let  upon  the  wheel  B  B,  to  give  it 
motion.  By  pulling  the  rope  at  the  longer  arm  of  the  lever  M,  the  pinion 
No.  2  is  put  into  the  hold  or  gripe  of  the  wheel  C  C,  which  drives  it ;  and 
by  pulling  the  rope  K,  this  pinion  is  cleared  from  the  wheeL  No.  5,  a  pinion 
containing  34  teeth,  driven  by  the  wheel  C  C,  and  having  upon  iu  axle  a 
sheave,  on  which  is  the  rope  P  P,  passing  to  the  sheave  No.  6,  to  turn  it 
round ;  and  upon  its  axle  is  fixed  the  pmion  No.7,  actihg  on  the  teeth  in  an  iron 
bar  upon  the  frame  TT,  to  roll  that  frame  backwards  when  empty.  By  pull- 
ing the  rope  at  the  longer  arm  of  the  lever  N,  the  pinion  No.  5  is  put  into 
the  hold. or  the  wheel  C  C ;  and  by  pulling  the  rope  O,  it  is  taken  off  the  hold. 
No.  8,  a  wheel  fixed  upon  the  axle  No.  9,  having  upon  iu  periphery  angular 
teeth,  into  which  the  catch  No.  10  takes,  and  being  moved  bv  the  lever  atta^ed 
to  the  upper  part  of  the  fiame  G,  it  pushes  the  wheel  No.  8  round ;  and 
the  catch.  No.  11,  falls  into  the  teeth  of  the  wheel,  to  prevent  it  from  going 
backward,  while  the  rope  rolls  in  its  axle,  and  drags  tne  logs  or  pieces  of 
wood  in  at  the  door  Y,  to  be  laid  upon  the  movable  frames  T  T,  and  car- 
ried forward  to  the  saws  to  be  cut.  The  catches  Nos.  10  and  11  are  easily 
thrown  out  of  play  when  they  are  not  wanted.  The  gudgeons  in  the  shafts, 
rounds  of  the  cranks,  spindles,  and  pivots,  should  all  turn  round  in  coda  or 
bushes  of  brass.  Z,  a  door  in  one  end  of  the  milUhouse  at  which  the  wood 
is  conveyed  out  when  cut.  W  W,  walls  of  the  mill-house.  Q  Q,  the 
couples  or  framing  of  the  roof.  XXX,  &c.  windows  to  admit  light  to  the 
house. 

Saw-mills  for  cutting  blocks  of  stone  are  generally,  though  not  always, 
moved  horizontally;  the  liorizontal  alternate  motion  may  be  commu- 
nicated to  one  or  more  saws,  by  means  of  a  rotatory  motion,  either  by 
the  use  of  cranks,  &c.  or  in  some  such  way  as  the  following.  Let  the  hori- 
zontal wheel  A  B  D  C,  fig.  451,  drive  the  pinion  O  N,  this  latter  carrying  a 
vertical  pin  P,  at  the  distance  of  about  one-third  of  the  diameter  from  the 
centre.  This  pinion  and  pin  are  represented  separately  in  No.  3  of  fig.  451 . 
Let  the  frame  W  ST V,  carrying  four  saws,  marked  1,  2,  3,  4,  have  wheels, 
\\  T,  W,  W,  each  running  in  a  groove  or  reel,  whose  direction  is  parallel  to 
the  proposed  direction  of  the  saws :  and  let  a  transverse  groove  P  R,  whose 
length  IS  double  the  distance  of  the  pin  P  from  the  centre  of  the  pinion,  be 
cut  in  the  saw-frame  to  receive  that  pin.  Then,  as  the  great  wheel  revolves, 
it  drives  the  pinion,  and  carries  round  the  pin  P ;  and  this  pin  being  com- 
pelled to  slide  in  the  straight  groove  PR,  wnile  by  the  rotation  of  the  pinion 
on  which  it  is  fixed  its  distance  from  the  great  wheel  is  constantly  varying, 
it  causes  the  whole  saw  frame  to  approach  and  recede  from  the  great  wlAel 
alternately,  while  the  grooves  in  which  the  wheels  run  confine  the  fram^ 
80  as  to  move  in  the  direction  T  ^  V  v.  Other  blocks  may  be  sawn  at  the 
same  time  by  the  motion  of  the  great  wheel,  if  other  pinions  and  fVames 
running  off  in  the  directions  of  the  respective  radii,  £B,  £A,  EC,  be 
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4Mirited  Iqp  th*  tmA  ift  tlw  quwlrantal  poinu  Q  A  and  C.  Asd  the  cooLrvy 
tIbiU  of  Uieae  four  &ums  and  piaions,  wiU  tend  to  soflett  down  the  jqUs, 
and  equalize  the  whole  motion. 

The  same  comrivanoe,  of  a  pia  fixed  at  a  suitable  ^utaaee  from  the  cantrt 
of  a  wheel,  and  sliding  in  a  grooTe,  may  »enre  to  coBvert  a  reciprocating  into 
a  rolalory  lootion ;  b«t  it  will  not  be  preferable  lo  the  coounoa  convexsiun 
hf  zntftn*  of  a  cranjt. 

ll*hea  aawft  are  used  to  cut  blocks  of  stone  into  piece9  having  cylindrical 
■irfiKes,  a  sraall  addition  is  made  to  the  apparatus.     See  figs.  453  and 

413.    Tlif  eaw,  instead  of  being  allowed  to  fall  in  a  vertical  grr- -    t 

ioli  Hie  bloejty  is  attached  to  a  lerer  or  beam  F  G,  sutiiciejitly  ^l : 
Irvft  iiiin  neveral  holes  pierced  tliiousr'"  it.  nml  so  has  the  vertical  j. .  ..  i.  i.\ 
ikcwise  moTaole  towards  ei'  I  ihe  frame  in  grooves  in  the 

f  I  ottom  pieces  A  L»  D  M.    'It  ugthRGofthc  radmt  can 

I       be  ¥4ified  at  pleasure,  to  suiithe  curvature  N  O;  and  aji  the  saw  is  moved 
I      bael( wards  and  forwards  by  proper  machinery,  in  the  direction  C  B»  B  C,  it 
'      woriEs  lower  luid  lower  into  tlie  block,  while,  being  confined  by  the  b«aia 
F  0,  it  cuts  the  cylindrical  portion  from  the  block  P,  as  re<juired. 

When  a  complete  cylindrical  pillar  b  to  be  cut  out  of  one 
block  of  stone,  the  first  thing  will  be  to  a&certain  in  the  block 
the  position  of  the  axU  of  the  cylinder ;  then  Liy  the  block  so 
Umt  such  axis  shall  be  parallel  to  the  horizon^  and  let  a  cylin- 
drical hole  of  from  one  to  three  inches  diameter  be  bored  eo- 
^^JJMiy  through  it.     Let  an  iron-bar,  whose  diameter  is  rather 
^^^Kthnn  that  of  the  tube,  be  put  through  it,  haFing  just 
H|Kii  to  8lidc  freely  to  and  ^o  as  occasion  may  require.    J^ch 
P  tttd  of  this  bar  should  terminate  in  a  screw,  on  which  a  nut 
lad  '*  1 1  ay  be  fastened ;  the  nut- frame  should  curry  three 

flat  [  t  wood  or  iron,  each  having  a  slit  running  ak>n2 

lli  miiidit:  nearly  from  one  end  to  the  other^  and  a  sccew  ftod 
haiDdle'' must  be  adapted  to  each  gilt:  by  these  means  the 
frame  work  at  each  end  of  the  bars  may  readily  be  so  ailjusted 
ai  to  form  isosceles  or  equilateral  triangles ;  the  iioo^bar  wiU 
connect  two  corresponding  angles  of  these  triangles ;  the  saw 
to  be  used,  two  other  corresponding  angles ;  and  another  box 
of  iron  or  of  wood,  the  two  remaining  angles ;  to  give  siiflicient 
strength  to  the  whole  firame.  This  construction^  it  is  obvious, 
nrill  «DabIe  the  workman  to  place  tlte  saw  at  any  proposed 
di«t«nce  from  the  hoie  drilled  through  the  middle  of  the 
block ;  Slid  then,  by  giving  the  alternating  Q[U)tion  to  the  saw- 
fir«iiie»  the  cylinder  may  at  kngih  be  cut  from  the  block  as 
required.  This  method  was  first  described  in  the  Collection  of 
JMachtnea  approved  by  the  Paris  Academy. 

If  it  were  proposed  to  saw  a  conic  fhistnim  finom  such 
ft  bdock^  then  let  two  frames  of  wood  or  iron  be  fixed  to 
those  parallel  ends  of  tlie  block  which  are  intended  to  coin- 
cide vith  the  bases  of  the  fru&tnmi,  circular  grooves  being 
prcvioosly  cut  in  these  frames  to  corrcspood  with  th»  circnm* 
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ferences  of  the  two  ends  of  the  proposed  finutmm ;  the  taw 
being  woiked  in  these  grooves,  will  manifestly  cut  the  conic 
iurfiuie  from  the  block.  This^  we  believe,  ia  the  contrivance 
<tf  Sir  George  Wriffht. 

The  best  method  of  drilHng  the  hole  thnragfa  the  middle  of 
the  proposed  cylinder  seems  to  be  this :  on  a  carriage  ran- 
mng  upon  four  low  idieels  let  two  vertical  pieces  (each  having 
a  hole  just  large  enough  to  admit  the  borer  to  play  freely)  be 
fixed,  two  or  three  feet  asunder,  and  so  contrived  that  the  piecea 
and  holes  to  receive  the  borer  may,  by  screws^  &c.  be  raised 
or  lowered  at  pleasure,while  the  bcrer  is  prevented  from  sliding 
backwards  and  forwards  b^  pieces  upon  its  bar,  which  are  larger 
than  the  holes  in  the  vertical  pieces,  and  which,  as  the  bcnrer 
revolves,  press  against  these  pieces :  let  a  part  of  the  boring  bar 
between  tne  two  vertical  pieces  be  square,  and  a  grooved  wheel 
with  a  square  hole  of  a  suitable  size  be  placed  upon  this  part 
of  the  bar ;  then  the  rotatory  motion  may  be  given  to  thia  bar 
by  an  endless-band,  wluch  shall  pass  over  this  grooved  wheel 
and  a  wheel  of  much  larger  diameter  in  the  same  plane,  the 
latter  wheel  being  tumra  by  a  i;rinch-handle  in  the  usual  way. 
As  the  boring  proceeds,  the  carriage  with  the  borer  may  be 
brought  nearer  and  nearer  the  block,  by  levers  and  weights. 

Circular  saws,  acting  not  by  a  reciprocating,  but  by  a 
rotatory  motion,  have  been  long  known  in  Holland,  where 
they  are  used  for  cutting  wood  uud  for  veneering.  They  were 
introduced  into  this  country,  we  believe,  by  General  Bentham, 
and  are  now  used  in  the  dock-yard  at  Portsmouth,  and  in  a  few 
other  places ;  but  they  are  not  as  yet  so  generally  adopted 
as  might  be  wished,  considering  how  well  they  are  calculated 
to  abridge  labour,  and  to  accomplish,  with  expedition  and  ac- 
curacy, what  is  very  tedious  and  irksome  to  perform  in  the 
usual  way.  Circular  saws  may  be  made  to  turn  either  in  hori- 
zontal, vertical,  or  inclined  planes  ;  and  the  timber  to  be  cut 
may  be  laid  upon  the  plane  m  any  direction ;  so  that  it  may 
be  sawed  by  lines  making  any  angles  whatever,  or  at  any 
proposed  distance  from  each  other.  When  the  saw  is  fixed  at 
a  certain  angle  and  at  a  certain  distance  from  the  edge  of  the 
frame,  all  the  pieces  will  be  cut  of  the  same  size,  without 
maridng  upon  them  by  a  chalked  line,  merely  by  causing  them 
to  be  moved  along,  and  keeping  one  side  in  contact  with  the 
side  of  the  frame ;  for  then-  as  they  are  brought  one  by  one 
to  touch  the  saw  revolving  on  its  aade,  and  are  pressed  upon 
it,  they  are  soon  cut  through. 

Mr.  Smart,  of  the  Ordnance  Wharf,  Westminster  Bridge, 
has  several  circular  saws,  all  worked  by-a  horse,  in  a  moderate 
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walk  J  one  of  these  int-ended  for  euUiii^  and  bonng 
lenona,  used  in  this  gentleman's  hollow  masts^  u  represented 
in  fig,  454. 

N  O  P  Q  R  is  a  Hollow  fr^me,  under  which  ts  part  of  the  whe«1.work 

of  tbe  borse^milK     A  B  C  D  E  F  are  pullicj,  over  vhich  pass  airup«  or 

huHb,  the  parts  of  whicli  out  of  sight  run  upon  the  rim  of  a  Urcre  vertical 

wheel ;  by  meaos  of  this  simple  apparatus  the  saws  SS  are  made  to  revolve 

npoii  their  ailes,  with  an  equal  tele-  -      V      rime  band  pa»siBj^  round  the 

Mllics  D  C,  UDon  those  allies  ;  and  i  motion  is  f^tvea  to  ttvc  bor«r 

U  by  the  banc  passing;  over  the  iiuUlj  .'.,     iuc  board  I  is  inclined  \o  the 

horuton  in  an  angle  of  about  30  degrees ;  the  plane  of  the  saw  S  is  pamllfl 

that  of  the  board  I,  and  about  a  quarter  of  an  inch  distant  from  it,  while 

'    lane  of  the  «aw!v'  is  vertical,  and  its  lowest  point  at  the  same  distance 

the  board  I.     Each  piece  of  wood  K,  out  of  which  the  tenon  is  to  he 

!■  about  four  inches  long,  and  an  inch  and  a  quarter  broad^  and  J  of  an 

thick.     One  end  of  such  piece  is  laid  so  as  to  slide  along  the  ledge  at 

-•  nf  the  board  I^and  as  it  is  pushed  on,  by  means  of  the  handlo 

ijt  by  the  saw  S,  and  immediately  after  by  the  saw  S' ; after 

:_..  .....  ..:.....  end  is  put  lowest,  and  the  piece  is  again  cut  by  both  saws; 

iHra  the  tenon  i%  applied  to  the  borer  U,  and  as  soon  as  a  hole  is  pierced 
Ikmugb  it,  it  is  dropped  into  the  box  beneath. 

By  tlie  abore  process,  at  least  30  tenons  may  he  completed 
io  a  minute,  with  greater  accuracy  than  a  man  could  make  one 
ia  a  quarter  of  an  hour  with  the  common  hand  saw  and 
■isnlet.  Similar  contrivances  may,  by  slight  alterations,  be 
utcd  for  many  other  purposes,  particularly  all  such  as  may  re- 
ijttsre  the  speedy  sawing  of  a  great  number  of  pieces  into 
exactly  the  same  sUe  and  shape.  A  very  great  advantage  at- 
toMjjing  this  sort  of  m;icliiuer}'  is,  that  when  once  the  position 
of  Ibt  saws  and  frame  is  adjusted,  a  eommcm  labourer  may 
|»efform  the  business  just  as  well  as  the  best  workman. 

■     Tmk  burk-mil]  is  constructed  for  the  purpose  of  grinding 

^■nd  preparing  bark  till  It  is  fit  for  the  tanner* 

H    Bark-mills,  like  most  other  mills,  are  worked  citlicr  by 

^mCMia  of  horses,  by  water,  or  by  wind. 

Oii«  of  the  best  mills  we  haire  seen  described  for  these 
Dorposes  is  that  invented  by  Mr.  Bagnall,  of  Worsley,  in 
LAOfTaJihire*  This  machine  will  serve  not  only  to  chop  bark,  to 
grind,  to  riddle,  and  poimd  it ;  but  to  beam  or  work  green  hides 
tnd  skins  out  of  the  mastering  or  drench,  and  make  them  ready 
for  the  ousc  or  bark-liquor ;  to  beam  fiheep-skins,  and  other 
•kinsy  for  the  skinner's  use ;  and  to  scour  and  take  oiT  the 
^99m  bom  tanned  leather,  when  in  the  currying  state* 
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Fig.  455  U  a  horittnUl  plan  of  the  mitt ;  ilg.  456  a  loDgitudtttal  ttetioii 
of  it ;  fig.  457  a  tnuuTene  section  of  it. 

A,  the  vrater-wheel,  by  which  the  whole  maddnerj  ii  woriced. 

B,  the  ihafta. 

C,  the  pit-wheel,  which  is  fixed  on  the  water-wheel  shaft  By  and  tnrna 
the  upright  shaft  £,  by  the  wheel  F,  and  woiks  the  cutten  and  hammer 
bjtapets. 

D,  the  spar  and  bevel  wheels  at  the  top  of  npright  shafts. 

E,  the  upright  shaft. 

F,  the  crown-wheel,  whieh  works  in  the  pit-wheel  C. 

G,  the  spur-nut  to  turn  the  stones  I. 

P,  the  beam,  with  knives  or  cutters  fixed  at  the  end  to  chop  or  cot  the 
oark,  which  barfc  b  to  be  put  upon  the  cutten  or  grating  t,  on  which  ther 
beam  is  to  ftU. 

Q,  the  tryal  that  receives  the  bark  ftom  the  cutters  i,  and  oontcys  it  inta 
the  hopper  H,  by  vdiich  it  descends  through  the  shoe  J  to  the  stones  I^ 
where  it  is  grcmnd. 

K,  the  spout,  which  receives  the  bark  ftom  the  stones,  and  conveys  it  into 
the  tiyal  L;  which  tryal  is  wired,  to  shift  or  dress  the  bark  as  it  descenda 
from  the  stones  I. 

M,  the  trough,  to  receive  the  baric  that  passes  through  the  tryal  L. 

R,  the  hammer,  to  crush  or  bruise  the  baric  that  foils  into  the  di«h  S, 
whidi  sidd  dish  is'on  the  incline,  so  that  the  hammer  keeps  forcing  it  out  of 
the  lower  side  of  the  said  dish,  when  bruised. 

Ik,  a  trough,  to  receive  the  dust  and  moss  that  msses  through  the  tiyal  Q: 

T,  the  bevel-whed  that  works  in  the  wheel  D,  which  works  the  beam- 
knife  br  a  crank  V,  at  the  end  of  the  shaft  «. 

W,  the  penetrating-'rod,  wfaidi  leads  ftom  the  crank  V  to  the  start  x, 

r,  the  start,  which  has  Mveral  holes  in  it  to  lengthen  or  shorten  the  stroke 
of  the  beam-knife. 

y,  the  shaft,  to  which  the  slide-rods  A  A  are  fixed  by  the  styts  n  n. 

hf  the  slide  rod,  on  which  the  knife/  is  fixed,  which  knife  is  to  work  the 
hides,  &c.  On  the  knife  are  two  springs  «  a,  to  let  it  have  a  little  play  aa 
it  makes  its  strokes  backwards  and  foiwards,  so  that  it  may  not  scratch  or 
dama^  the  hides,  &c. 

«,  IS  a  catch  in  the  slide  rod  A,  which  catches  on  the  arch-head  e ;  and 
the  said  arch-head  conveys  the  knife  back  without  touching  the  hide,  and 
then  fells  back  to  receive  the  catch  arain. 

/,  the  roller  to  take  up  the  slide-rod  h,  while  the  hides  are  shifting  on  the 
besum  6,  by  pulling  at  the  handle  m. 

b,  the  beam  to  work  the  hides,  kc.  on.  Each  beam  has  four  wheels,  p  p, 
working  in  a  trough-road,  gfft  and  removed  by  the  levers  ee.  When  the 
knife  has  worked  the  hides,  8cc.  sufficiently  in  one  part,  the  beam  is  then 
shifted  by  the  lever  c  as  fer  as  is  wanted. 

d,  a  press,  at  the  upper  end  of  the  beam,  to  hold  the  hide  fiist  on  the 
beam  while  working. 

r,  an  arch-head,  on  which  the  slide-rod  h  catches. 

/,  the  knife  fixed  on  the  slide-rod  h,  to  work  the  hides,  &c. 

^cutters  or  giating  to  receive  the  baik  for  chopping. 

The  beam  F,  with  knives  or  cutten,  may  ei&er  be  worked  by  tapeu,  as 
desCTibed,.  or  l^  the  bevel-wheel  T  with  a  crank,  as  V,  to  cut  the  same  as 
shean. 

The  knife /is  fixed  at  the  bottom  of  the  itart,  which  is  fixed  on  the  slide- 
rod  A ;  die  bottom  of  the  start  is  split  open  to  admit  the  knife,  Uie  width  of 
one  fool;  the  knife  should  have  a  gudgion.  ajt  eadi  end,  lo  fix  ia  the  opto 
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fluidi  waj  when  working.    Tbe  knife  shoiud  b#  oim  hoi  loog,  an4  foor  or 
five  mebet  broad. 

Tbe  arch>head  r  will  shift  Dearer  to  or  fiutber  from  tbe  btam  il,  aad  will 
W  fiud  so  is  to  caxTjr  the  kniSe  bock  u  fitris  is  wanted^  of  it  magr  be  f^uo 
•mr  ciU  wftoied. 

Iab  roller  /  is  taken  up  by  pulling  at  iht  handle  m,  which  taJics  Up  Iht 
vlide>n}d  so  high  as  to  give  head  room  under  llit  bcAiji-knlfe  ;  ttic  timiJii* 
may  be  buDK  upon  a  hook  for  that  purno»e.    T! 

Ding  upon  tne  roller  all  the  time  the  hiae  is  sfaist  ^ 

fiBCx^  the  knife  is  put  on  the  beam  again  by  letting  ii  dov^  u  b>  ii 
TWre  tsay  be  two  or  more  kniv^  at  work  on  one  beam  at  the 

having  difiercDt  slide-rods;  there  should  be  two  her 
[workmaa  could  be  shifting:  one  hide,  kc.  while  the  other  w 

mtut  be  flat,  and  a  Utile  on  the  incline ;  as  to  the  bn  r 

matt<ir ;  the  broader  it  is,  the  less  shilling  of  the  hides  %vi 
tire  Icrer  c  will  shift  them  as  far  as  the  width  of  tJie  lu^  , 
Mr.  Bat^nAM  has  formed  a  kind  of  prets  d,  to  let  down,  by  a  lev  i 

I      tbe  hide  fast  on  each  side  of  the  knife,  if  required,  so  tJmt  it  wjli  ■   r. 

K  knife  to  make  its  back  stroke  without  pulling  the  hide  up  na  it  GOium  bikk. 
H  Tbe  ulide'rod  m«y  be  weighted,  to  eause  ihi?  knife  to  lay  stress  on  the  hide, 
^r&e.  according  to  the  kind  and  oooditioa  of  the  goods  to  b<j  worked. 

V    Hides  and  skins  fur  the  skinner^B  use  arc  worked  in  the 

Hmne  way  as  for  tbe  tanner's. 

H  Scouring  of  tanned  leather  for  the  currier's  use  can  be  done 
on  the  beam,  the  same  as  working  greeu  hides  ;  it  i^  only 
tiking  the  knife  away,  and  fixing  a  atone  m  the  t»anie  manner 
su  the  knife  by  the  sold  joints  and  to  have  a  brush  fixed  to  go 
either  before  or  after  the  stone.  The  leather  will  be  much 
loooer  and  better  secured  thia  way  than  by  hand. 

The  whole  machinery  may  be  worked  by  water,  wind, 
Bteam^  or  any  other  power ;  and  tliat  part  of  the  machinery 
which  relates  to  the  beaming  part  of  the  hides,  may  be  fixed 
to  any  horse  bark-tmH^  or  may  be  worked  by  a  hor^e  or  other 
power  separately. 


OIL-MILLS. 

As  thcft  kingdoms  do  not  produce  tbe  olive,  it  would  be 
iiredless  to  describe  the  mitU  which  are  employed  in  the 
•outlieTn  parts  of  Europe ;  we  shall  therefore  content  our* 
•elves  with  a  dcBcription  of  a  Dutch  oil-mill,  employed 
for  gnnding  and  pressing  linseed,  rapeaeed^  and  other 
olea^noau  grains ;  and,  to  accommodate  our  description 
itin  mo<«  to  our  local  circumstances,  shall  employ  water  as 
Ihi;  first  mover;  thus  avoiding  the  enormous  cxpeuHC  and 
cotapttntioa  of  a  windmill. 

Description  of  fig.  458, 

I  If  Ae  ekratioQ  of  «  wheel,  o^r  or  under  thot,  *i  ibe  situatK^o  mtj 
ft^itife. 


448  THR  OPBRATIVB   MECHANIC 

&  the  bell-meta!  socket,  supported  by  masoniy,  for  reeeiTiti|f  the  oolet 
gua  jeon  of  the  water-wheel. 
3|  the  watercourse.    , 

Fig.  459. 

1,  a  spur-wheel  upon  the  same  axis,  having  52  teeth. 

2,  the  trundle  that  is  driven  b^  No.  1,  and  has  7B  staves. 

3,  the  wallower,  or  axis  for  raising  the  pestles.  It  is  fiimithed  round  its 
ciicumforence  with  wipers  for  lifting  the  i»esties,  so  that  each  joav  fall  twice 
during  one  turn  of  the  water-wheel :  that  is,  three  wipers  for  eadi  pestle. 

4,  a  frame  of  timber,  carrying  a  concave  half  cylinder  of  bell-metal,  in 
whidi  the  wallower  (cased  in  that  part  with  iron  plates)  rests  and  turns  round . 

5,  masonry  supportii^  the  inner  gudgeon  of  the  water-wheel  and  the 
above-mentioned  frame. 

6,  gudffeon  of  the  wallower,  wfaidi  bears  against  the  bell-metal  step  fixed 
in  the  wall.  This  double  support  of  the  wallower  is  found  to  be  necessary 
in  all  mills  which  drive  a  number  of  heavy  stampers. 

Fig.  460  is  the  elevation  of  the  pestle  and  press-frame,  their  furniture,  the 
mortars,  and  the  press-pestles. 

I,  the  six  pestles. 

9,  cross-pieoes  between  the  two  rails  of  the  frame,  forming,  with  these 
rails,  Kuides  for  the  perpendicular  motion  of  thepestles. 

8,  tne  two  rails ;  the  oack  one  is  not  seen.  Tney  are  checked  and  bolted 
uito  the  standards.  No.  12. 

4,  the  tails  of  the  lifts,  corresponding  with  the  wipers  upon  the  wallower. 

5,  another  rail  in  front,  for  carrying  the  detents  wnich  hokl  up  the  peatles 
whoi  not  acting.    It  is  marked  14,  in  fig.  464. 

6,  a  beam  a  Uttle  way  behind  the  pestles ;  to  this  are  fixed  the  pulleys  for 
the  ropes,  which  lift  and  stop  the  pestles.  It  is  represented  by  16,  m  fig.  464. 

7,  tne  said  pullers  with  tneir  ropes. 

8,  the  driver  which  strikes  the  wedge  that  presses  the  oil. 

9,  the  discharger,  a  stamper  which  strikes  upon  the  inverted  wedge,  and 
loosens  the  press. 

10,  the  lower  rail  with  its  cross-pieces,  forming  the  lower  guides  of  the 
pestles. 

II,  a  small  cog-wheel  upon  the  wallower  for  turning  the  spatula,  which 
stirs  about  the  oit^eed  in  tne  chauffer-pan.  It  has  28  teeth,  and«is  marked 
No.  6,  in  fig.  464. 

12,  the  four  standards,  mortised  below  into  the  block,  and  above  into  the 
ioists  and  beams  of  the  buildine. 

13,  the  six  mortars  hollowed  out  of  the  block  itself^  and  in  shape  pretty 
much  like  a  kitchen-pot. 

14,  the  feet  of  the  pestles  rounded  into  cylinders,  and  shod  with  a  great 
lump  of  iron. 

15,  a  board  behind  the  pestles,  standing  on  its  edge,  but  inclining  a  little 
backwards.  There  is  such  another  in  front,  but  not  represented  here. 
These  form  a  sort  of  trough  which  prevents  the  seed  from  oeing  scatteied 
about  by  the  foil  of  the  pestles,  and  lost. 

16,  the  first  press-box,  (also  hollowed  out  of  the  block,)  in  which  the  grain 
is  squeeied,  after  it  has  come  for  the  first  time  fix>m  below  the  mill-stones. 

17,  the  second  press-box,  at  the  other  end  of  the  block,  for  squeezing  the 
grain  after  it  has  passed  a  second  time  under  the  pestles. 

18,  frame  of  timber  for  supporting  the  other  end  of  the  wallower  in  the 
same  manner  u  No.  4,  fig.  459. 

19,  small  cog-wheel  on  the  end  of  the  wallower^  for  giving  motion  to  the 
mill-stones;  it  has  28  teeth. 
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z.  the  ^rcit  cog-whetl  above,  ftod  (ke  nmotr  buU- 
uame. 

2,  eog-  cogs^  driven  by  No»  10  of  %.  400. 
9,  tlie  fr«..x^  V.  ...t  runners. 

4y  Uie  tnuemnost  runner,  or  Oie  one  nearest  the  sliaft. 
Sf  outermost  ditto,  being  farther  from  the  shift. 

6,  the  inner  rake,  whicb  collects  the  grain  uirder  the  outer  runner. 
"'j  jte  ooter  rake,  whirh  c«(lt^cis  the  gT«in  under  tbe  inner  runner*     In 

the  ^rain  is  always  tufned  onrer  and  over,  iod  crushed  ui  every 
The  inner  rake  lays  the  grain  in  a  slope,  of  which  tig.  465  h  a 
the  runiier  fattens  it,  and  the  second  rake  lifts  it  again,  as  b 
marked  in  6^,  466  ;  to  tliat  every  side  of  the  graio  is  presented  to  tlic  milU 
sloo#,  and  die  rest  of  the  iegfer  or  nether  xmU-stone  is  so  swept  by  them, 
llttt  not  a  f  inj^le  grain  i*  left  on  any  part  of  rt.  The  outer  rake  is  also  iur- 
muhmi  with  a  ra«  of  cloth,  which  rubs  against  the  border  or  hoop  that  sur- 
rouods  the  neilar  railI->tone,  so  as  to  drag  oat  the  few  grains  which  might 
«then*iie  rfinain  in  ihe  comer. 

8,  the  ends  of  the  iron  axle  which  passes  through  the  upright  shaft,  and 
thfooph  thr  two  runners.  Thos  they  have  two  motions  :  first,  a  rotation  round 
(dly,  that  by  which  they  are  carried  round  upon  the  nctker 
ibey  roll.     The  holes  in  these  miU^stones  are  niade  i 
uuie  Wide ;  uiml  tiic  holes  in  the  ears  of  the  frame,  which  carry  the  ends  of 
ikt  iron  axes,  are  made  ova)  iin  and  down.    This  great  freedom  of  rootio«i 
ilMces&ary  for  the  niDiier  milWtonesi  because  frequently  more  or  less  of 
^  ^rain  is  below  them  uit  u  ttroe,  and  they  must  therefore  be  at  liberty  to 
fM,  over  it  without  straLning,  and  perhaps  breaking,  the  shaft. 
9  and  10,  the  border  or  hoop  which  surrounds  the  nethtjt  niili-slone. 
11  and  12,  the  nether  miJI->tone  and  masonry  which  support  it. 

Fig.  462,  plan  o(  (he   ninner  null  atones,  and  the  frame  whtcH  cirriej 
itMem  round. 

1,1,  are  th**  iwu  niiJI-itone*. 

3,  3, 3,  3,  the  outside  pieces  of  the  frame. 

4, 4,4, 4,  thr?  cro'rS'barii  of  tlie  frames,  which  embrace  the  upright  shuft  5* 
and  give  iitolion  to  rhe  whole. 
d,  d,  the  irou  axis  upon  which  the  rimners  turn. 

7,  i\\e  outer  mke. 
6,  the  inner  ditto. 

Fig.  46a  represents  the  nether  milUstone  seen  from  above, 

1,  the  wooden  gutter  which  surrounds  the  nelher  mill-stone. 

2,  the  border  or  hoop,  about  six  inches  high  all  round,  to  prevent  «ay 
'■^-  '  '< '  v't'red. 

J,  or  trap-door  in  the  gutter,  which  can  be  opened  or  shut  at 
'^_._  ..    ,      .  ai  open,  il  allows  the  Vimised  grain,  coUeciw*  in  and  xhovcd 
the  gutter  oy  rakes,  to  pais  through  into  troughs  placed  below  to 
it 

of  the  I  '*ed  by  the  outer  runner. 

m  of  the  <- ;  iied  by  the  inner  one.    By  these  we  tet  tktt 

have  difltreni  routes  round  thea^s,  and  bmise  more  teed. 

ditto. 
I,  the  sweep,  roakiti^  part  of  the  inner  rakt,  occaiiontUy  Ih  doif«  tir 

2g 


i.ir  lunt! 


4M  TUB  OPJBRATIVB   MSCHANIC 

8«t«p«RK  off  all  the  leed  when  it  hai  been  rafficiently  bniiaed.  The  pef 
wan  ana  aetioa  of  thue  laket  it  a^pted  by  maana  o£  wooden  apnm 
which  cannot  be  eaailj  and  diitinctly  xepmented  bj  any  6gnrc.  1m 
obKque  position  of  the  rakes  (tfie  outer  point  going  foremoBt)  caoses 
them  to  ahore  the  grain  inwaraa,  or  towara  the  centre^  and  at  the  same 
time  to  turn  it  orer  lomewhat  in  the  manner  aa  the  mouhl-board  of  a  phMuAi 
shoves  the  earth  to  the  right  hand,  and  partly  tnms  it  over.  Some  miUs 
haTe  but  one  sweeper ;  ana  indeed  there  is  great  variety  in  the  form  and 
constroction  of  this  psvt  of  Ae  machinery. 

Fig.  464i  profile  of  the  pesfle-frame. 

I,  section  of  the  horiiontal  Aaft. 

tf  three  wipers  for  liftiqg  the  pestles. 

Z,  little  wheel  of  28  teeth  for  giving  motion  to  the  spatuhu 

4»  another  wheel  which  is  driven  by  it,  having  20  teeth. 

6,  horiiontal  axle  of  ditto* 

6,  another  wheel  on  the  same  aade,  having  13  teeth. 

7f  a  wheel  upon  the  upper  end  of  the  spindle,  having  12  teeth. 

8.  two  guides,  in  which  the  spindle  turns  finely,  and  so  that  it  can  be 
sinned  higher  and  lower. 

'9,  a  lever,  movable  round  the  piece  No.  14,  having  a  hole  in  it  at  9, 
Ifannigh  which  the  spindle  passes,  taming  freely.  The  spindle  has  in  this 
place  a  shoulder,  which  rests  on  the  border  of  the  hole  9,  so  that  by  the 
motion  of  this  lever  the  spindle  may  be  disengaged  from  the  wheel-work  at 
pleasure ;  this  mo^on  is  given  to  it  by  means  or  the  lever  10, 10,  movable 
round  its  middle.  The  workman  employed  at  the  chauffer  pulls  at  the  rope 
10, 11,  and  thus  disennges  the  spinole  and  spatula. 

II,  a  pestle  seen  sidewise. 

12,  the  left  of  ditto. 

13,  the  upper  rails,  marked  No  3,  in  fig.  460. 

14,  the  rail  nuuked  No.  5,  in  fig.  460.  To  this  are  fixed  the  detents, 
which  serve  to  stop  and  hold  up  the  pestles. 

15,  a  detent,  which  is  movea  Inr  a  rope  at  its  outer  end. 

16,  a  bracket  behind  the  pestle,  having  a  pulley  through  which  passes 
the  rope  going  to  the  detent  15. 

17,  the  said  pulley. 

18,  the  rope  at  the  workman's  hand,  passing  through  the  pulley  1 7,  and 
fixed  to  the  end  of  the  detent  15. 

Thia  detent  naturally  hangs  peipendicular  by  its  own  weight.  When  the 
woricman  wants  to  stop  a  potle,  ne  pulls  at  the  rope  18,  during  the  rise  of 
the  pestle*  When  this  is  at  its  greatest  height,  the  detent  is  horizontal,  and 
prevents  the  pestle  from  (ailing,  by  means  of  a  pin  projecting;  from  the  side 
of  the  pestle,  which  rests  upon  the  detent,  the  detent  itself  being  held  in 
that  position  by  hitching  the  loop  of  the  rope  upon  a  pin  at  the  workman's 
hand. 

19,  the  two  lower  rails,  marked  No.  10,  fiff*  460. 

20,  great  wooden,  and  sometimes  stone,  block,  in  which  the  mortars  are 
formed,  marked  No.  21,  fig.  460. 

21,  vessel  placed  below  the  press-boxes  fox  receiving  the  oil. 
^2,  chauffer,  or  little  furnace,  for  wanning  the  bruised  grain. 

23,  backet  in  the  front  of  the  diauiier,  tapering  downwards,  and  openiasr 
below  in  a  narrow  slit.  The  hair-bags  on  which  the  grain  is  to  be  pussed 
after  it  has  been  wanned  in  the  chauffer,  are  filled  by  placing  them  in  this 
iMkcket.  The  grain  is  lifted  out  of  the  chauffer  with  a  ladle,  and  put  into 
these  bags ;  aim  a  sood  quantity  of  oil  runs  from  it  through  the  sbt  vit  the 
botlom  into  a  mam  set  to  receive  it 
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sUaelied  to  the  lower  end  of  dit  fpindle,  lud  tunuii|[ 
i  aniofig  the  gnin  iq  th^  chauffer-pstn,  and  thus  prrrentm^  ii  from 
tig  lo  the  bottom  or  sides,  and  petting  too  much  hcAt. 

>e  first  part  of  the  procesB  is  bruiBing  the  seed  under  the 
er-stones ;  that  this  may  be  nwre  expcditioUBly  done, 
y(  the  runners  is  set  about  two-thirds  of  its  own  thickiiesi 
ft  the  shaft  than  the  other  ;  thus  they  have  di^erent 
b,  and  the  grain,  which  is  a  little  heaped  tovvarda  the 
re,  is  thus  bruised  by  both.  The  inner  rake  g-athert$  it 
ndcr  the  outer  stone  into  a  ridge,  of  which  the  section  is 
•sented  in  fig.  465 ;  the  stone  passes  over  it,  and  flattens  it . 
gathered  up  again  into  a  ridge,  of  the  fonn  of  fig.  466, 
T  the  inner  stone  by  tlie  outer  rake,  which  consists  of 

parts ;  the  outer  part  presses  close  on  the  wo<xlen 
er  which  surrounds  the  nether  stone,  and  shoves  the  seed 
[uely  inwards,  while  the  inner  part  of  this  rake  gathera 
'hat  has  spread  towards  the  centre.  The  other  rake  has 
rjt  near  the  middle  of  its  length,  by  which  the  outer  half 

can  be  raised  from  the  nether  stone,  while  the  inner 
continues  pressing  on  it,  and  thus  scrapes  oflf  the  moist 
?.  When  the  seed  is  aufficiently  bruised,  tlie  miller  Jets 
1  the  outer  end  of  the  rake  ;  this  immediately  gathers  the 
»e  paste^  and  shoves  it  obliquely  outwards  to  tlie  wooden 
where  it  is  at  last  brought  to  a  part  that  is  left  unboarded, 
it  falls  through  into  troughs  placed  to  receive  it.  These 
^hn  have  holes  in  the  bottom,  through  which  the  oil  drips 
le  time  of  the  operation*  This  part  of  Uie  oil  is  directed 
a  particular  cistern,  being  considered  as  the  purest  of  the 
e,  ha\nng  been  obtained  without  pressure,  by  the  mere 
king  of  the  hull  of  the  seed. 

some  mills  this  operation  is  expedited,  and  a  much 
ber  quantity  of  this  best  oil  is  obtained,  by  having  the 
jf  masonry  wluch  supports  the  legger  formed  into  a  little 
ICC,  and  gently  heated  ;  but  the  utmost  care  is  necessar)* 
rcvent  the  heat  from  becoming  considerable.  This, 
ling  the  oil  to  dissolve  more  of  the  fermentable  substance 
le  aeed,  exposes  the  oil  to  the  risk  of  growing  soon  very 
Id ;  and  in  general  it  is  thought  a  hazardous  practice, 
the  oil  does  not  bring  so  high  a  price. 
'to)  the  paste  comes  from  under  the  stones,  it  is  ptit  into 
Mur-bagM^  and  subjected  to  the  first  pressing.  The  oil 
obtained  is  also  esteemed  of  the  first  quality,  scareely 
lar  to  the  former,  and  is  kept  apart  (the  great  oil- cistern 
r  divided  into  several  portions  by  partitions.) 
le  oil -cakes  of  this  pressing  are  taken  out  of  the  btt^^ 
MJ  to  pieces,  and  put  into  mortars  for  the  firj»t  stampit^g. 
2q2 
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Here  the  past^  is  again  broken  down,  and  the  parenchyma  of 
the  seed  reduced  to  a  fine  meal ;  thus  firee  egress  is  allowed 
to  the  oil  from  every  vesicle  in  which  it  is  contained.  But  it 
is  now  rendered  much  more  clammy  by  the  forcible  mijkture 
of  the  mucilage,  and  even  of  the  finer  parts  of  the  meal. 
When  sufficiently  pounded,  the  workman  stops  the  pestle  of 
a  mortar,  when  at  the  top  of  its  lift,  and  carries  the  contents 
of  the  mortar  to  the  first  chauffer-pan,  where  it  is  heated  to 
about  the  temperature  of  melting  bees' -wax,  (this,  we  are  told, 
.is  the  test,)  and  all  the  while  stirred  about  by  the  spatula. 
From  thence  it  is  again  put  into  hair-bags,  in  the  manner 
already  described ;  and  the  oil  which  drops  from  it  during 
this  operation  is  considered  as  the  best  of  the  second  quality, 
and  in  some  mills  is  kept  apart.  Tlie  paste  is  now  sub- 
jected to  the  second  pressing,  and  the  oil  is  that  of  the  second 
quality. 

All  this  operation  of  pounding  and  heating  is  performed  by 
one  worknum,  who  has  constant  employment  by  taking  the 
four  mortars  in  succession.  The  putting  into  the  bags,  and 
conducting  the  presMng,  gives  equal  employment  to  another 
workman* 

[n  the  mills  of  Picardy*  Alsace,  and  most  of  Flanders,  the 
operation  ends  here ;  and  the  produce  from  the  chauffer  is 
jucreased,  by  putting  a  spoonful  or  two  of  water  into  the  pan 
among  the  paste. 

But  the  Dutch  take  more  pains.  They  add  no  water  to 
the  paste  of  this  their  first  stamping;  they  say  that  this 
greatly  lowers  the  quality  of  the  oil.  llie  cakes  which  result 
S-om  tiiis  pressing,  'and  are  then  sold  as  food  for  cattle,  are 
still  fat  and  soil.  The  Dutch  break  them  down,  and  subject 
them  to  the  pesUcs  for  the  second  stamping ;  these  reduce 
them  to  an  impalpable  paste  stiff  like  clay.  It  is  lifted  out, 
and  put  into  the  second  chauffer-pan ;  a  few  spoonfuls  of 
water  are  added,  and  the  whole  kept  for  some  time  as  hot  as 
boiling  water,  and  carefully  stirred  all  the  time.  From  thence 
it  is  lifted  into  the  hair-bags  of  the  last  press,  subjected  to  the 
press,  and  a  quantity  of  the  lowest  qualitv  is  obtained,  sufficient 
for  giving  a  satisfactory  profit  to  the  miller.  The  cake  is  now 
perfectiy  dry  and  hard,  like  a  piece  of  board,  and  sold  to  the. 
farmers.  Nay,  there  are  small  mills  in  Holland  which  have 
no  other  employment  than  extracting  oil  from  the  cakes  which 
they  purchase  from  the  French  and  Brabantees :  a  clear  indi- 
cation of  the  superiority  of  the  Dutch  practice. 

The  nicety  with  which  tliat  industrious  people  conduct  all 
their  business  is  remarkable  in  this  manufacture. 

In  their  oil-cisterns  the  parenchymous  part,  which  unavoid-' 
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f  geU  through,  in  some  degree,  in  ereVj-  operation,  gradu- 
ally Bubsides,  and  the  liquor,  in  any  division  of  the  cistern, 
comes  to  consist  of  btrata  of  different  degrees  of  purity.  The 
pumps  which  lift  it  out  of  each  divibion  are  in  pairs;  one 
lakec  it  up  from  the  very  bottom,  and  the  other  only  from 
one  half  the  depth.  The  last  only  is  barrelled  up  for  the 
tnarket,  and  the  other  goes  into  a  deep  and  narrow  cistrrn, 
.where  the  dreg  again  subsides,  and  mure  pure  oil  of  that 
quality  is  obtained.  By  sudi  careful  and  judicious  practice, 
(the  Dutch  not  only  auj)p!y  themselves  with  this  important 
;Biticle,  but  annually  send  cunsiderable  quantities  into  the 
very  provinces  of  France  and  Flanders,  where  they  buy 
tlie  »eed  fn)m  «vhich  it  U  extracted.  When  vve  reflect  on  the 
thigh  price  of  labour  in  Holland,  on  the  want  of  timber  for 
machinery,  on  the  expense  of  building  io  that  country,  and 
on  the  enormous  expense  of  wind-mill  machinery,  both  in 
the  first  erection  and  the  tjub«enuent  wear  and  tear,  it  nmat 
be  evident  that  oil-mills  erected  in  England  on  waterfalLs, 
and  after  tlie  Dutch  manner,  cannot  fail  of  being  a  great 
national  advantage.  The  chatellenie  or  seigneurie  of  Lille 
ilone  makes  annually  between  30,CHJ0  and  40,tKXi  barrels,  each 
containing  ahout  20  gallooha, 

What  is  here  delivered  is  only  a  sketch.  Everj-^  person 
acquainted  with  machinery  well  understands  the  general  move- 
ments ajid  operatiouB  ;  but  the  intelligent  mechanic  well 
knows  that  operations  of  this  kind  have  many  minute  circum- 
staoees  which  cannot  be  described,  and  which,  nevertheless, 
aaiy  have  a  great  influence  upon  the  whole,  'i'he  rakes  in 
the  bruising-mill  have  an  office  to  perform  w^hich  resembles 
thm  of  tlie  tiand,  directed  by  a  careful  eye  and  unceaijiiig 
attention.  Words  cannot  convey  a  clear  notion  of  this  ;  afid 
a  mill  constructed  from  the  best  drawings,  by  the  most  skilful 
wi»rkman,  may  gather  the  seed  so  ill,  that  the  half  of  it  shall 
be  bruised  after  many  rounds  of  the  machinery.  This 
iroduees  a  scanty  return  of  the  best  nil,  and  the  mill  gels  a 
character ;  the  proprietor  loses  his  money,  is  discuuragody 
gives  up  the  work.  There  is  no  security  but  liy  pro- 
ig  a  Dutch  millwright,  and  paying  him  with  the  liberality 
itone.  Such  imhoped-for  tusks  have  been  performed  of 
by  machinery,  and  mech:u»ifal  knuwiedge  and 
ition  IS  now  so  generally  diffused,  that  it  is  highly  pro- 
le we  hhould  soon  excel  our  teachers  in  the  branch  ; 
mi  this  very  diffusion  of  knowledge,  by  encouraging  fipccu- 
m  among  the  arti«t»,  makes  it  a  still  greater  risk  to  erect 
\h  Dutch  oil-mill,  without  having  a  Dutchman,  ac4|ua)nte(i 
iti  HKitit  improved  present  form,  to  conduct  the  wcrk 
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(X)LOUR  AND  INDIGO  MILLS. 

Thb  reducing  of  earths^  vegetable  substances^  and  metallic 
oxyds  to  an  impalpable  powder,  is  still  iu  a  great  degree 
emeted  by  numual  labour,  bv  moving  a  heavy  stone  with  a 
imooth  surface,  called  a  muUer,  upon  a  slab  of  the  same 
material.  To  effect  this  work  upon  a  larser  scale,  and  to 
secure  the  workman  from  the  ill  effects  of  the  poisonous  and 
noadouB  vapours  of  the  paint,  which  is  not  unfrequently 
ground  with  litharge  of  1^,  Mr.  Rawlinson,  of  Derb}^  has 
invented  a  machine  which  we  here  describe.  It  is  repre- 
sented in  fig.  467. 

A,  the  roller,  or  cylinder,  made  of  any  kind  of  black  marble.  Black  marble 
ii  esteemed  the  best,  because  it  is  hardest,  and  takes  the  best  polish.  B,  the 
eoocaTe  mailer,  covering  one-third  of  the  roller,  and  of  the  same  materiml, 
lived  ia  a  wooden  frame  b,  which  is  hung  to  the  frame  £  at  1 1.  C  is  a  piece 
of  iron,  about  an  inch  broad,  to  keep  the  muller  steady,  and  is  fixed  to  the 
firame  with  a  joint  at  /.  Ilie  sroafl  binding  screw  with  a  fly-nut,  which 
peases  through  the  centre  of  the  iron  plate  at  c,  is  for  the  purpose  of  laying 
more  pressure  upon  the  muller,  if  required,  as  well  as  to  keep  it  steady. 
D  is  a  taker-ofl^  made  of  a  clock-spring,  about  half  an  inch  broao,  and  fixeid 
similar  to  a  frame-saw  in  an  iron  name  K,  in  an  inclined  position  to  the 
roller,  and  tuminff  on  pivots  at  d<f.  G  is  a  slide-board  to  draw  out  occa- 
sionally, to  clean.  Ice.  ir  any  particles  of  paint  should  fiill  from  the  roller ;  it 
also  fbnns  itself  for  the  plate  H,  to  catch  the  colour  as  it  falls  from  the 
taker-off.  F  is  a  drawer  for  the  purpose  of  containing  curriers'  shavings^ 
which  arc  used  for  cleaning  paint-mills.    £  is  the  frame. 

Previously  to  putting  the  colour  in  the  mill,  it  must  be 
pulverized  in  a  mortar,  covered  in  the  manner  of  the  chemists, 
when  they  levigate  poisqnous  drugs,  or  rather  in  an  improved 
mill,  used  at  Manchester,  by  Mr.  Charles  Taylor,  for  grinding 
indigo  in  a  dry  state,  a  drawing  and  description  of  which  is 
annexed.  After  undergoing  this  process  of  dry-grinding, 
which  is  equally  necessary  for  the  marble  slab  now  in  use,  it 
is  mixed  with  either  oil  or  water,  and  is  with  a  spatula,  or 
palette-knife,  put  on  the  roller,  near  to  the  top  of  the  concave 
:nuller.  Motion  being  given  to  the  roller,  it,  without  any 
difficulty,  carries  the  colour  under  the  muller,  and  in  a  few 
revolutions  spreads  it  equally  over  the  surface.  When  ground 
hufficiently,  it  is  taken  off,  both  cleanly  and  expeditiously,  by 
the  taker-off  described,  which,  for  that  purpose,  is  held  against 
the  roller,  while  the  roller  is  turned  the  reverse  way.  The 
muller  only  requires  to  be  deaned  when  the  workman  changes 
the  colour,  or  ceases  from  the  operation ;  it  is  then  turned 
back,  being  hung  on  pinions  to  the  frames  at  t  i,  and  is 
cleaned  with  a  puette- knife  or  spatula ;  afterwards  a  handful 
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of  carriers*  »ba\dngs  is  held  against  the  roller,  which,  in  two 
or  three  revolutions,  cleans  it  effectually. 

Tlie  roller  of  Mr.  Rawlinson'ii  machiue  is  sixteen  Inehet 
and  A  half  in  diameter,  and  four  inches  and  a  half  in  breadth  j 
and  the  concare  muller  which  it  works  against  corers  one- 
third  of  the  roller.  It  is  therefore  evident,  that,  with  this 
machine,  he  has  seventy- two  square  inches  of  the  concave 
niArble  muller  in  constant  work  on  the  paint,  and  that  he  can 
bring  the  paint  much  oftener  under  tne  muller  in  a  given 
•{Nice  of  time  than  with  tlie  common  pebble  umller,  which, 
being  seldom  more  than  four  inches  in  diameter,  has  scarcely 
sixteen  nquare  inches  at  work  on  the  paint,  whereas  the  con- 
cave muller  has  seventy-two. 

The  quantity  ground  at  once  in  the  mill  must  be  regulated 
by  the  degree  of  fineness  of  which  it  is  required,  that  which 
it  the  finest  requiringj  the  smallest  quantity  to  be  ground  tit 
once.  The  time  requisite  for  grinding  is  also  dependuiit  upon 
the  state  of  fineness ;  but  Mr.  Rawlinson  observes,  that  hia 
colour-grinder  has  ground  the  quantity  of  colour  which  aae4 
to  serve  him  per  day  in  three  hours  y  the  colour  also  waa 
more  to  his  satisfaction,  and  attended  with  less  waste. 

When  tlie  colour  is  ground,  Mr.  Rawlinson  recommends^ 
Instead  of  drawing  the  neck  of  the  bladder  up  close  in  the  act 
of  tying  it,  to  insert  a  slender  cylindrical  stick,  and  bend  the 
bladder  close  round  it ;  this,  when  dry,  will  form  a  tube  or 
pipe,  through  which,  when  the  stick  is  withdrawn,  the  colour 
may  be  squeezed  as  wanted,  and  the  neck  again  closed  by 
replacing  the  stick.  This  is  not  only  a  neater  and  much 
more  cleanly  mode  than  the  one  usually  adopted,  that  of  per^ 
fbniting  the  bladder,  and  stopping  the  hole  with  a  nail,  or, 
what  is  more  common,  leaving  it  open,  to  the  detriment  of  the 
colour;  but  the  bladder,  not  being  injured,  maybe  repeatedly 
used  for  fresh  quantities  of  colour.  The  barrel  of  a  quill  may 
be  inserted  in  the  neck  of  the  bladder,  as  a  substitute  for  the 
ttick,  and  the  end  being  cut  off,  may  be  closed  by  a  small 
piece  of  wood. 

In  ortler  to  make  the  whole  of  the  process  of  colour-grinding 
complete,  we  shall  here  insert  a  description  of  the  indigo-mill 
used  bv  Mr.  Charles  Taylor,  of  Manchester,  for  grinding 
indigo  m  a  dry  state,  which  roav  with  equal  advantage  be 
rim&rly  employed  for  colours.  It  is  rcprcbcnted  in  figs.  46S 
nod  4m*. 
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which  uit  tt  the  jMurti  N  N  tnmt  in  groovt»  or  slits,  cut  id  two  pieces  'of 
oek,  projecting  borismtaUy  from  a  wall,  and  when  the  axis  is  at  work  are 
spoored  in.  the  grooves  fay  iron  pins  O  O.  P,  the  handle,  which  forms 
a  part  of  the  axis,  and  by  which  the  grinder  is  worked.  Q,  the  wall  in 
which  the  oak  pieces  N  N  are  fixed.  R,  a  weight,  which  may  occasionally 
be  added  if  more  power  is  wanted. 

Fig.  468*,  shows  the  muller  or  grinder,  with  its  axis  separate  from  the 
other  machinery;  its  bottom  should  be  made  to  fit  the  mortar.  S  is  a 
grooTe  cut  through  the  stone. 

On  grinding  the  indigo,  or  similar  substance^  in  a  dry  state^ 
in  this  mill,  the  muller  being  placed  in  the  mortar  and 
secured  in  the  oak  pieces  by  the  pins,  the  indigo  to  be  ground 
is  thrown  above  the  muller  into  the  mortar ;  on  turning  the 
handle  of  the  axis^  the  indigo^  in  lumps,  falls  into  the  groove 
cut  through  the  muller^  and  is  thence  drawn  under  the  action 
of  the  muller,  and  propelled  to  its  outer  edge  within  the 
mortar,  whence  the  coarser  particles  again  fall  into  tlie  groove « 
of  the  muller  and  are  again  ground  under  it;  which  operation 
is  continued  till  the  whole  of  it  is  ground  to  an  impalpable 
powdery  the  muller  is  then  easily  removed,  and  the  colour 
tfdcen  out. 

A  wood  cover  in  halves,  with  a  hole  for  the  axis,  is  usually 
placed  upon  the  mortar,  during  the  operation,  to  prevent 
any  loss  to  the  colour,  or  bad  efrccts  to  the  operator. 


POTTERY. 

Tub  clays  best  adapted  for  the  manufacture  of  earthen- 
Ware  are  excavated  in  Dorsetshire,  and  the  next  in  quality  in 
Devonshire. 

The  natural  compounds,  called  clays,  consist  generally  of 
pure  clay,  or  alumine,  combined  with  either  silcx  or  lime, 
and  sometiuies  magnesia,  and  the  oxyd  of  iron.  The  pre- 
sence of  tlie  magnesia  may  easily  be  detected  by  its  imparting 
a  soapy  feel ;  and  the  iron  by  the  clay  buniing  to  different 
shades  of  red,  proportionate  to  the  quantity  it  contains.  The 
magnesia  has  obtained  the  name  of  soap-rock,  and  a  marked 
variety  of  it  steatite. 

The  clay  is  first  put  into  a  trough  about  five  feet  long,  by 
three  wide,  and  2^  deep,  with  a  certain  proportion  of  water, 
and  subjected,  to  Uie  process  called  blunging,  which  is  obvi- 
ously alan  to  blending,  or  mixing.  This  is  performed  with  a 
long  piece  of  wood  formed  in  the  shape  of  a  blade  at  one  end, 
and  with  a  cross-handle  at  the  other,  llie  bladed  end  is  put 
into  the  trough,  and  moved  backwards  and  forwards,  up  ani) 


dctwTi,  -with  Tiolence,  till  the  clay  be  broken  and  well  levigated. 
The  coarser  |jarticles  of  the  clay  sink  to  the  bottom  of  the 
trough,  while  the  liner  parts  remain  suspended  in  the 
wlution  ;  and  clay  is  continued  to  be  added  until  the  solu- 
tion has  acquired  the  consistence  of  thick  cream.  This  thick 
liquid  is  passed  into  a  large  tub,  and  afterwards  through 
fine  hair  and  silk  lawn  sieves,  and  then  mixed  with  certain 
proportions  of  a  liquid  of  ground  calcined  fiiuts  and  Cornish 
ctone^  which,  likevinse,  have  been  passed  through  silk  Uwn 
sieres, 

I'he  china  clay,  which  is  used  in  every  kind  of  earthenware 
except  the  cream  colour,  is  sometimes  put  into  the  mass,  and 
bluDged  with  it ;  at  other  times  it  is  put  into  another  tub^ 
and  blunged  separately,  and  h  then  mixed  in  proper  propor- 
tions witli  the  other  slip. 

The  slip  is  now  passed  into  another  large  atone  or  wood 
cistern,  and  the  parts,  which  have  not  been  previously,  are 
now  added,  and  the  whole  is  passed  through  fine  lawn  into  a 
reservoir,  from  whence  it  is  pumped  upon  the  slip-kiln. 

When  a  stcum-cngine  is  used,  the  clay  is  thrown  into  a 
Ttrtical  cast-iron  cone,  about  two  feet  wide  at  top,  and  six 
feet  deep*  Inside  of  this  cone  are  fixed  strong  knives,  having 
i  spiral  arrangement  and  inclination,  and  radiating  towards 
the  centre.  In  the  centre  of  tliese  is  worked  a  perpendicular 
thafti  witli  simihur  radiating  knives,  so  tliat  the  knives,  by 
the  revolution  of  the  shaft,  cut  in  pieces  every  thing  that  is 
thrown  Into  the  cone,  and  force  downward,  agreeably  to  tlie 
Mlitre  of  the  screw,  whatever  may  be  put  in  till  it  is  dis- 
charged  tlirough  an  orifice  at  the  bottom. 
i.  The  cluy,  thus  reduced  to  powder,  is  next  subjected  to 
tlie  firocess  of  blunging.  For  this  purpose  it  is  thrown  into 
a  large  circular  vat,  or  cisteni,  having  a  strong  vertical  shaft 
»>f  wiioil,  Willi  arms  formed  like  n  gate  as  radii,  wnrUrd  by 
the  |K>wcr  of  the  steam-engine.  The  vat  is  nearly  filled  with 
prtjper  pnipnrtlons  of  water  and  clay,  whiili,  by  the  rapid 
uiuiion  of  the  shaft,  becomes  well  levigated  and  mixed} 
clay  ur  water  bving  added  until  the  liquid  is  of  the  cun^ist- 
mcp  of  cream.  'I'he  liquid  is  then  passed  along  several 
truok.H,  at  the  cud  of  each  of  which  is  fixed  a  fine  hiiir  or 
lawo  ficve«  Tliesc  >ievrs  have  a  quick  horiaontid  motion 
camuiuiiicatcd  to  them  by  crank  machiner)-,  which  causes  the 
pa^*i  thrrujgh  into  a  liu-gc  reservoir,  where  it  remains 
iped  upon  the  kiln. 

r   in  it:*  crude  state  xff  the  commot-  *'d  for 

,  nhich  consists  principally  cif  pui  The 
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ilacin^  H  in  m  stuaII 


tticthod  of  calcining  it  is, 

kOn^  about  nine  feet  deep,  cind  altoi^etber  not  mocb  valtb 
ill  i;  i<i  bum  linicitoDe.     When  rcd-bot it  is  takm ool 

Hid  thrown  Into  eold  water,  in  o«l«r  to  Imtn  in 
iiX^  ,  and  mak«  it  eit«cr  to  reduce  to  powiicr,    'fhi 

ilint  I  broken  into  pieceii,  either  by  manual  laboitr,iir 

nifuihliiery*  Where  manual  labour  in  employed  one  tun  k 
found  adequate  to  break  per  diem  enough  to  supply  two 
flint-panfl,  12  feet  diameter. 

In  the  other  process  the  flmta  are  put  on  a  Alroiif  inw 
ijB^,  and  are  fitruck  by  large  IiammcrB,  moved  bj  ma* 
-  T  ;'    r^\  till  they  be  so  :   <'i    L-d  as  to  fall  through  ifae  gniui% 
i  ivity,  from  \ri  >  y  are  taken  to  the  flittt^miiL 

The  Jihii-mtlt  consLiti*  of  a  large  circular  rat^  about  ^0 
inches  deep,  with  a  step  fixed  iji  the  centre  at  the  bottimt 
ftrr  the  axis  of  a  vertical  wood  or  iron  sha^  Tbe  vfiper 
end  of  the  shaft  is  surmounted  by  a  large  cnnm  oog-frfafel, 
to  which  the  moving  power  is  applied.  The  lower  end  has, 
at  right  angles,  four  leaves,  or  paddles,  like  —^-i-  -tpwi 
wliich  are  fixed  chert-stones.     Large  blocks  v:  -tone 

1  '  .  placed  in  the  vat,  The  flints  being  put  inio  tnc  yii, 
I  j!e  is  covered  with  water,  to  prevent  any  doitfinxn 

arising,  which  had  formerly  a  very  injurioua  ethdL     Bmrtr 
being  communicated  to  the  shaft,  the  chert«8toiie«  are  car* 
ricil  round  with  considerable  velocity,  and  the  calcined 
being  of  a  very  fragile  nature,  are,  by  their  recip«»cal 
reduced  to  an  impnlpable  powder. 

This  serai-fiuia  is  put  into  another  vat,  that 
vertical  shaf^,  and  when  a  liirgc  quantity  of  water 

luced,   the   power   is    applied   and   the   whole  is  wdl 
kteiL     In  thih  process,  the  wcii^bty  particles  sink  to  the 
md  the  finest  rctuiiin  in  sn  bich  arc  then 

p  liito  a  reservoir  that  has  ceil.         ;         i^-.  for  dra' 

oif  the  isurplus  water,  till  it  has  subsided  to  a  ftntc  fit 
jthc  potter's  use.     This  is  a  very  tmport^uit  pruceas^  and 
[-fLt tended  witii  some  difficulty.     It  is  at  present  he«t 
^formed  by  Mr.  Sampson  Hanley,  of  Sandou  Mill, 

Tlie  manufacturer  should  be  very  choice  in  sclecling  the 
mei  to  be  «  '  M  :     ific  griudingj  for  should  tliey  4300- 

ealcareou  -,  such  parts  will  be  abraded,  at>d 

mixing  with  H  >us  uuitter  wlU|  in  a  aubaeqi 

trucess,  prove  a  »r  ;  ij  ury 

A  few  years  ago  a  loss  to  the  amount  of  sevend  tluxisand 
poufida  wa«  cxpericiiced  by  *ome  inauufacturctv,  who 
very  iujudiciuuHly  purchat»cd  htoius  that  had  been  fround 
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m  person  IgTiofant  of  the  art,  and  who  had  employed  Konm 
for  the  gnnding  containing  carbonate  of  lime. 

The  average  weight  of  an  ale  pint  measure  of  the  pulp  of 
Aint  U  32  oz. ;  and  of  clay  24  oz. 

In  some  manufactories  the  pulps  are  mixed  together  in  a 
large  vat,  by  a  process  gimilar  to  that  first  described  of  mix^ 
ing  the  clay  with  the  water.  But  however  the  mixing  be 
accomplished,  gre^t  attention  must  be  paid  to  the  relative 
sjpecific  gravity  of  each  fluid,  and  more  of  the  solution  of  tJie 
fflnt^  or  the  clay,  must  be  added,  till  a  pint  of  the  mixture 
'Wi^hs  the  determined  number  of  ounces,  it  is  by  the  con* 
aittaoce  and  weight  of  these  materials,  that  the  manufacturer 
tB  enabled  to  ascertain,  the  proper  proportionB  requisite  for 
each  kind  of  pottery ;  and  it  in  from  these  that  he  can  calcu- 
late, whether  there  he  a  probability  of  making  any  improve- 
ment that  Will  yield  him  a  prolit-Jible  return. 

When  the  proper  proportions  of  slop  clay  and  flint  have 
been  well  blunged  together,  the  liquid  is  pumped  out  of  the 
rwervoir  on  the  top  of  the  slip-kiln. 

Tlie  Klip-kiln  is  a  kind  of  trough  formed  of  fire-bricks,  of 
TariouR  fcizea,  from  30  to  GO  feet  in  length,  by  from  4  to  6 
in  breadth,  and  about  12  Inches  in  depth.  Flues  from  the 
fire-place»  pass  under  these  troughs,  and  the  bricks  of  which 
they  are  formed  being  bad  conductors  of  heat,  a  slow  and 
advantageous  process  of  evaporation  is  carried  on,  which  gives 
uniform  consistence  to  the  mass. 

Ilic  porcelain  clay  is  never  allowed  to  boil,  but  is  carefully 
rvitporatcd  at  a  slow  heat  on  a  plaster-kiln  ;  the  gypsum 
being  nm  on  pld  moulds  pulverized,  and  thus  forming  a  level 
surface. 

The  slip- maker  carefully  attends  to  the  evaporation,  and 

at  pTfjpcr  intervals  turns  over  with  a  paddle  the  thickened 

'    ttn  one  end  to  the  other,  else  the  part  nearest  to  the 

vould  become  hard,  while  the  surface  were  fluid.     To 

-  1  ir  the  heat  three  different  thicknesses  of  bricks  are 
I  I'd,  the  thickest  being  placed  nearest  to  the  fire-place, 

the  greatest  excess  of  heat. 
IK  a  a  sufficient  quantity  of  the  moisture  is  evaporated, 
fhich  IS  indicated  by  the  cessation  of  apparent  effervescence, 
V       V     iioe  of  air-bubbles  on  the  surface  of  the  mass,  the 
.,  still  called  clay,  is  removed  to  the  flags. 

Jf  the  evaponttion  were  continued  longer  the  clay  could 
lot  be  formed  into  the  required  shapes »  cither  on  the  wheel, 
|pr  by  the  vat,  but  would  be,  what  is  called  knotty,  hmipy. 

The  clay  is  cut  out  of  the  kilns  in  square  masses,  by  means 
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cif  rpAcleSt  luid  h  Uiruwrv  into  a  bea]^  %v1icre  U  :itUuied 
uniforni  tcnipcmture  of  cold  and  ni«)isJture.     'I'be  looctr  < 
can  lie  i  ~ihe  kil»  the  bcttf^r  it  will  h«     '        •, 

tiuic  i^      ,     .     M        .      li  by  the  want  of  room,  oi  .' 

•of  capilul. 

When  the  clay  is  first  taken  off  the  kiln,  it  U,  partly  ^ta 
the  air-bubbles  remaining  in  it,  and  partly  from 
iUssipation  of  the  beat  requisite  for  evjipomtinTT    > 
be  vvtirked.     On  this  account  it  is  well  incorpor 
or  tcraperctl,  by  beating  with  wooden  ni;*!  * 
cut  into  small  pieces  with  a  paddle,  not  mn 
iind  from  the  paddle  each  piece  is,  with  : 
%v'orkinan,  prupeLled   upon  the  mass.     'I'ln 
are  repeutrd  until  a  proper  consistence  iiervade*,  and 
whole  is  Buppot^ed  to  be  vvcll-tenjpcrcd. 

When  the  clay  h  required  for  the  thrower  tlie  proot>«  ol 
dapping  follows  next.     This  is  perforuR'd  '>^  r>  -'r-*"*'  'r»^n. 
who  places  a  large  masM|  about  hitlf  a  lium 
a  convenient  and  strong^  bench.     He  then,  wn 
wire,  cuts  Uje  m:iss  through,  jind  tnkinjr  up  t 
olf,  he,  with  bis  utnm-     -  f 
masM  below  ;  ?i»d  ccui  .  .  ,.  .    , 

cortdidered  necotsary. 

This  is  a  very  laborious  process^  and  is  fihsriluii'lv 
sary  to  drive  out  uny  sur-bubbles  which  \n-^\  unii 

in  the  mass  after  it  has  been  beaten  :  for  &h' 
in  tlie  clay  the  pieces  on  being  fired  would  bliKtcr  aad 
owing  to  the  rarefaction  of  the  uir  by  the  heat.     On  thia^ 
important  account,  the  process  is  continued  utilil  the 
wherever  cut  by  the  brass  wire,  exhibits  a  sur&ce^  pei 
iinooth,  and  homogeneous. 

In  severul  of  the  largest  n^anufactories  thclnboL. 
ping  the  clay  is  superseded  by  mechanical  cimiriv 
quantity  of  the  muHS  from  the  slip- kiln^  when  r 
thrown  into  a  large  conical  iron  vessel,  (simihii 
ployed  in  breaking  the  clay,)  with  stj^>ng  knivi 
with  a  given  inclination*  with  corr<  ;'  ;     !  . 

from  a  vertical  shaft,  moved  by  thr 
and  regtilar  motion,     Hy  theiw  meaiiii,  all 
tlie  cone  is  ver)   minutely  separated,  and  | 
by  a  screw,  so  that  the  mass  just  cut,  and  dividi 
fiquec/ed  together  again,  and   is  then   similarly   .x-.. 
utjicr  knives  below.     At  the  Ixittom  of  the  coue'on  0U« 
a  quadrangular  aperture,  throt^gh  which  Ujc  da}-  -     -i 
fvfct'd,  and   h  by  a  ihiu   br.w«»(  wire  cut  inln 
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of  from  50  to  60  poiinda  weight.  Sometimes  tli^fle 
aiaised  are  for  particular  purposes  returned  into  the  cone^  and 
undergo  the  process  a  second  time. 

if^edging  the  clay  is  a  similar  process,  though  never  omitted 
by  the  presser,  or  squeezer^  however  well  it  may  have  been 
heaten  by  the  slip-maker.  The  presser  cuts  off,  with  a  thin 
brass  wire,  a  piece  of  clay  from  the  mass,  which  he  slaps 
forcibly  between  the  palms  of  bis  hands^  and  then  with  great 
violence  thrpws  it  on  the  board;  continuing  the  operation 
Qntil  the  commixture  is  so  complete  that  there  is  no  proba- 
bility of  any  air-hubbles  remaining.  If  one  of  the  two  first 
pieces  of  clay  had  been  wliile,  and  the  other  black,  the  mas8| 
after  undergoing  these  processes^  would  present  wherever  cut 
a  uniform  grey  colour. 

It  19  owing  to  the  mass  being  properly  wedged  that  that 
consistency  and  tenacity  is  obtained,  which  enables  the 
a  to  employ  it  with  facility  and  confidence  in  the 
ion  of  the  differenl  pieces  of  pottery  which  he  has  to 
itiuke.  The  clays  for  vessels  require  diiterent  degrees  of 
wedgiiig  ;  and  some  kinds  require  nmch  more  careful  and 
continued  wedging  than  others. 

The  clay  may  now  be  considered  ready  for  the  thrmvtr. 
The  thrmviug-wheely  or,  with  greater  propriety,  the  throiviug^ 
mghte,  consists  of  a  large  vertical  wheel;  having  a  winch  or 
handle  affixed  to  it,  and  a  groove  on  the  rim  for  the  intro- 
duction of  a  cord.  The  whole  is  fixed  upon  a  strong  movable 
plank,  by  which  the  cord  can  be  slackened  or  tightened  at 
pleasure,  and  then  upon  a  frame  nearly  triangular,  or  half- 
oval,  and  about  30  inches  in  height,  with  a  broad  ash  hoop 
placed  edge\vi>*e  on  the  fore  part,  about  six  inches  deep. 

In  the  centre  of  this  frame  is  a  vertical  spindle,  with  its 
lower  end  fitted  and  working  in  a  step.  A  little  above  this 
is  a  pullej ,  with  grooves  for  three  speeds  of  the  propelling 
power,  connected  with  the  throwing- wheel  by  means  of  u 
cord  or  belt  j  and  a  little  higher  up  is  a  pivot  turned  to  fit 
work  in  a  collar- ntcp.  On  the  upper  end  is  a  stout 
icn  circular  top,  which  revolves  honzontidly,  and  h  in 
about  seven  inches;  and  other  tops  of  different 
rn  arc  in  readinei^s  to  be  fixed  on^  according  to  thi; 
lied  tnzc  of  the  vessel  to  be  made. 
The  engine  is  set  in  motion  by  manual  labour,  applied  at 
tbe  winch,  and  another  nmn,  called  the  halier,  cuts  with  a 
Llliin  piece  of  brass  wire  a  piece  of  clay  from  the  nui*a  on  the 
rn,  and  forms  it  into  a  bull,  which  he  gives*  to  the  tiirower. 
i^  to  be  uiadc,  tlif  balier,  previously  to  forming  iJie 
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clay  iuto  a  ball,  breaks  it  in  two,  and  Tiolentlv  siapa  it  toge- 
ther between  the  palms  of  his  hands.  The  thrower  forcibly 
throws  the  ball  down  upon  the  horirontal  revolving  top  of 
the  engine,  and  dipping  his  hands  frecpiently  into  water,  to 
prevent  the  day  adhering  to  them,  nshbns  it  into  a  long 
thin  column,  which  he  again  forces  down  into  a  lump,  and 
continues  to  repeat  the  operation  until  he  is  satisfied  that 
the  air-bubbles,  which  might  have  remained  in  the  clay  after 
theprocesses  of  slapping  and  balling,  are  dispelled. 

Tlie  thrower  now  directs  the  speed  of  the  engine  to  be 
lessened,  and  with  his  fingers,  which  he  frequently  dips  in 
water,  he  gives  the  first  form  to  the  vebsel;  then  with 
diferent  prqfileM^  or  ribsy  he  forms  the  inside  of  the  vessel 
into  whatever  shape  may  be  required,  and  smoothes  it  by 
removing  the  slurry ^  or  inequalities. 

If  a  number  of  veBsels  of  the  same  size  be  required,  the 
thrower  has  a  peg  placed  as  a  gauge,  which  serves  to  direct 
him  iu  the  widtli  and  depth ;  and  when  the  vessel  has  two 
diameters,  as  the  neck  anu  body  in  a  jug,  he  has  two  pegs  to 
guide  him. 

ITie  thrower  forms  all  circular  vessebt  in  this  manner;  and 
he  employs  different  sized  ribs  to  finish  the  shapes,  or  swell 
of  the  edge,  &c.  When  he  has  thus  gpven  the  first  form  to 
the  clay,  he  cuts  the  vessel  from  the  head  of  Uie  engine,  by 
passing  a  thin  brass  wire  through  the  lowest  part  of  the  clay, 
which  separates  it,  and  allows  it  to  be  easily  lifted  off,  and 
placed  by  the  bailer  on  a  long  board  or  shelf,  where  it  is 
left  to  dry  a  little  preparatory  to  being  turned,  or  properly 
smoothed  and  shaped. 

VVhere  large  vessels  are  made,  and  the  power  of  a  steain- 
en^ne  applied,  according  to  Mr.  J.  Wedgwood's  method,  a 
pair  of  vertical  cones  is  used,  the  apex  of  the  one  bein^^ 
opposite  to  the  vertex  of  the  other.  One  of  these  coneM  \h 
driven  directly  by  the  steam-engine,  and  transmits  moti</n 
to  the  other  by  means  of  a  broad  belt  or  strap  of  leather, 
which  is  always  equally  tight  in  any  and  every  part  of  the 
cones,  because  they  are  equal  and  reversed ;  but  it  is  plain, 
that  the  speed  of  the  driven  cone  wOl  vary  much  according 
as  the  belt  is  at  the  top  or  the  bottom  of  the  driving  cone. 
When  the  belt  is  at  the  bottom  or  Uunnest  part  of  the  driving 
cone,  the  driven  cone  moves  very  slowly ;  as  the  belt  is  made 
to  ascend,  the  speed  of  the  driven  cone  increases,  and  ulU- 
niately  attains  its  maximum  when  the  belt  is  at  the  top.  A 
strap  is  attached  from  the  driven  cone  to  the  spindle  of  the 
throwing-engine,  and  the  speed  is  varied  at  the  thrower's 
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pLeastire,  by  a  boy  i^orkiii|7  a  direcliug  winch.     When  the 
«iticle  iM  finished,  the  machine  ia  thrown  out  of  geer. 

For  forming  saucers,  and  other  sniall  circular  articlei*,  there 
htui  been  recently  introduced  a  small  vertical  lihaft,  called  a 
J»jfK^r^  on  the  top  of  which  is  a  turned  head,  suited  to  receire 
the  mouid  on  which  the  saucers,  &c.  are  to  be  formed, 

Wiwn  the  clay  in  in  one  peculiar  otate,  called  the  gretn 
atdte^  it  ia  the  most  suitable  and  proper  fur  performing  to  the 
greatest  advantage  the  remalnuig  operationa  and  procei»ses  of 
tnminj^,  handling,  trimmings  &c. 

The  turtiing-iathe  ia  the  same  aa  uaed  by  wood-tumer». 
The  end  of  the  spindle,  outside  the  headatock,  hai  a  screw 
thread,  upon  which  is  screwed  chocks  of  wood,  of  a  tapered 
form,  and  of  different  diameters,  according  to  the  size  of  the 
interior  of  the  articles  of  pottery  to  be  turned.  The  turner 
llilidfl  very'  steady,  and  receives  from  an  attendant  the  vessel 
lobe  tamed,  which  he  fixes  upon  the  chock,  and  then  with  a 
tool  presses  the  edges  close  down. 

The  tools  are  of  difieredt  sizes,  from  one  quarter  of  an 
inch  to  two  inches  in  breadth,  and  six  inches  m  length, 
wmdt  of  thin  iron,  like  hoop-iron,  the  end  for  cutting  being 
tuned  up  about  a  quarter  of  an  inch,  and  ground  shaqj. 
Motion  being  commmunicated  to  the  lathe,  the  turner* 
plies  his  tool  or  tools  to  the  various  parts  of  the  surface 
require  reduction  of  substance,  eitlier  as  regards  thick- 
or  the  suitable  shapes  of  runs,  feet,  &c.  VVhen  this  is 
pleted,  a  contrary  motion  is  communicated  to  the  spindle, 
duroig  which  the  turner  applies  the  flat  part  of  his  tool  to 
the  vessel,  and  by  gentle  pressure  gives  it  a  smootli  surface, 
isd  solid  texture. 

In  the  tunung-latbes  moved  by  steam  some  particular 
■maffements  are  made.  A  horizontal  shaft  runs  the  whole 
tenfth  of  the  room ;  and  opposite  to  each  lathe  is  a  drum, 
ich  communicates  motion  to  a  set  of  pulleys,  of  various 
r^i^s,  fixed  on  an  arbor  or  shaft,  by  means  of  a  leather  belt. 
Upon  thi»  arbor,  or  shaft,  is  a  loose  pulley,  connected  by  a 
I  belt  with  a  small  pulley  fixed  on  the  spindle  of  the 
vhicli  evidently  will,  whenever  the  strap  from  the 
IB  directed  upon  the  loose  pulley,  receive  a  retrograde 
The  e^pindle  has  pulleys  counter  to  those  fitted  on 
,  and  as  they  are  ever  revolving,  the  directing  of  the 
from  them  to  the  spindle,  by  a  guide  moved  by  the 
ntan  «  foot,  will  increase  or  diminish  the  speed  during 
the  tonuiig  of  the  vessel  under  operation ;  and  when  it  ia 
ifilahedf  by  moving  tJie  drum-strap  on  another  pulley,  retro- 
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grade  motion  is  given,  during  which  the  turner  amooths  off 
his  article,  as  baore  noticed. 

The  engine-iathe  is  of  the  kind  empkiycd  to  give  unto 
circular  articles  of  hardware  a  milled  edge;  conaequently,  it 
differs  from  the  other,  or  common  lathe,  in  the  formation  of 
the  end  of  the  spindle,  and  the  appendages  to  the  headstock. 
Certain  thin  circular  plates  of  st^  into  whose  edges  are  cut, 
at  regular  intervals,  and  of  different  degrees  of  breadth,  deep 
incisions,  are  made  to  screw  very  firmly  on  the  end  of  the 
spindle  above  the  chock. '  The  collar-step  of  the  spindle  is 
so  fitted  that  it  can  be  effected  by  a  screw  pin,  which  gives  it 
the  requisite  horizontal  shuffling  motion.  Opposite  to  the 
steel-plate  is  fixed  an  iron  piece  that  fits  into  tne  incisions. 
The  turner's  tools  are  filed  to  give  the  particular  form  to  the 
designed  ornament,  and  the  vessel,  having  been  previously 
turned  in  the  plain  way,  receives  a  shuffling  motion  back- 
wards and  forwards  as  the  spindle  slowly  revolves,  and  only 
when  the  incision  admits  the  piece  of  iron  will  the  vessel  be 
in  contact  with  the  tool  of  the  wlorkman.  When  the  iron  is 
affainst  the  rim  the  surfiice  remains  untouched  by  the  tool. 
Numerous  very  elegant  and  curiously  indented  porcehdn  arti- 
cles are  formed  by  the  engine-lathe.  The  black  Egyptian 
circular  tea-pots  will  exemplify  every  species  of  engine-latlie 
turning. 

As  the  vessels  as  soon  as  turned  are  in  the  best  green 
state,  they  are,  as  soon  as  possible,  passed  to  the  hcaidlery 
who  fixes  the  spouts,  handles,  and  all  other  requisite  appen- 
dages. Such  spouts,  handles,  or  appendages,  as  are  in  any 
way  curved,  oval-shaped,  or  ornamented,  arc  formed  in  mould's 
of  two  or  more  parts,  as  will  be  seen  hereafter  when  speaking 
of  squeezing. 

For  handles,  and  some  other  articles  of  appendage,  a  press 
is  used,  consisting  of  an  iron  cylinder,  six  inches  wide,  and 
ten  inches  deep.  This  cylinder  has  a  strong  bottom,  witli  an 
aperture  in  the  centre,  to  which  is  made  to  fit  differently 
shaped  plugs.  It  has  a  piston  acting  by  a  screw,  that  works 
in  a  bent  iron  bow,  fastened  to  the  block  on  which  the  cylin- 
der rests.  The  aperture  being  supplied  with  a  plug  of  the 
required  form,  some  clay  is  put  into  the  cylinder,  and  the 
piston  forced  down,  by  turning  the  screw,  which  causes 
the  clay  to  protrude  through  the  aperture  in  -  the  shape 
required.  The  workmen  cut  it  into  lengths,  as  wanted,  and 
bend  it  into  the  required  form,  and  when  sufficiently  dry, 
affix  it  to  the  vessel  by  slip.  Slip  is  likewise  used  to  affix  ill 
other  appendages^-  When  a  tube  is  wanted,  a  pin  is  fixed 
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the  day  that  protrudes  through  the  aperture  of  the  cylin- 
r,  a  pin  is  fixed  above  tlie  centre  of  the  pKig.  The  vetisel, 
being  allowed  a  short  time  to  dry,  is  cleared  of  all  the  super- 
fluous clay  by  a  knife.  The  vessel  is  then  trimmed  with 
other  tools,  and  the  whole  of  the  joints  cleaned  off  M-ith  a 
moist  sponge,  which,  while  it  carries  off  all  excrescences, 
gires  to  the  whole  uniform  moisture. 

We  shall,  previously  to  mentioning  the  process  of  squeez- 
ing, take  notice  of  the  modeller  and  the  mould-maker,  whose 
occupations  are  very  distinct  branches  of  the  art. 

The  modeller  has  great  scope  for  the  exertion  of  natural 
and  acquired  ability,  taste,  and  ingenuity :  for  on  him  depends 
Ihc  elegance,  size,  figure,  adaptation,  and  correct  arrange- 
[ment  of  suitable  ornaments.  His  business  consists  in  taking 
a  brge  lump  of  well-tempered  clay,  and  modeOing  it,  by 
continued  carvings,  with  a  sharp  narrow-bladed  knife,  into 
the  rough  figure  :  he  then  commences  the  trimming  process, 
by  removing  all  excrescences,  inserting  any  additions,  and 
mally  with  a  great  variety  of  suitable  tools,  made  of  ivorj*, 
wood,  or  metal,  gives  to  tJic  whole  the  several  touchings  and 
[trtouchings  requisite  for  finishing* 

The  modellers  of  the  present  day  have  attained  much 
►Hence,  and  as  a  proof  we  need  only  to  state,  that  many 
^0  have  seen  the  I^artUmd  or  Barherini  vase  (for  model- 
ling of  which  Mr.  Wedgwood  is  said  to  have  paid  Webber 
the  enormous  sum  of  four  hundred  pounds)  declare,  that  any 
good  modeller  ^vould  now  execute  the  %vhole  himself  in  less 
ttuui  a  month,  and  with  a  proper  assistant  in  a  fortnight. 
[The  branch  of  modelling,  however,  is  by  far  more  common 
than  it  was  in  the  time  of  Mr.  Wedgwood ;  and  good 
rorkmen  obtain  fair  remuneration  for  their  labour. 
The  mould-maker  receives  the  model,  atid  forms  from  it 

requisite  mouhls,  by  employing  plaster  of  Paris. 
The  g)'psum  or  native  sulphate  of  lime  plaster  is  first 
ground  ill  a  mill,  similar  to  a  fiour-milJ.  It  is  then  put  in  a 
Jong  trough »  under  which  runs  a  flue  communicating  witJi  the 
fire,  tu  elTcrvesce  until  all  the  water  is  expelled,  l^liis  process 
is  caDed  both  hfjUing  and  burning,  'fhe  workman  has  hia 
luimth  and  nose  idw  ays  well  covered,  to  prevent  his  inhaling 
mjy  of  the  dusty  particles,  which  woultl,  if  taken  inwardly, 
be  Tery  preiudTclil  to  the  lungs. 

Tl  i-makcr  forms,  and  secures  by  a  broad  straps  % 

**a««v  k  clay  round  the  model :  he  then  mixes  in  a  jugf, 

cerfjVui  quantity  of  water,   the  proper  portion 

impalpable   powder  or  plaster,  and  «tirring  It 
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quickly,  that  the  water  may  have  »n  opporiimtty  olpervi 
it  thoroughly,  pours  it  upon  and  uround  the  modei :  in  i 
Instances  gently  or  briskly  shaking  the  ma^«  S<mim*  h 
immediately  given  out,  and  the  whole  very  Boon  Ueccm 
compact  ma0B.  After  standing  a  ehort  time,  the  tnofi 
ea.8ily  separated  from  the  model^  and  each  part  is  placed 
fitove  to  be  dried. 

When  the  moulds  are  found  to  be  perfect^  they  vt 
dry,  by  which  they  retain  the  property  of  absorbing  moi 
with  great  rapidity,  bo  that  the  squeezer  can  often  lep 
his  work  from  them  readily,  and  when  this  sa  the  cue, 
mould  is  said  to  deliver  easily. 

In   some  of  the  principal   manufactories  large 
piaster  are  6tted  up  as    shelves^  which  serve  Um 
purpoee  of  holding  the  newly-formed  articles,  and  of 
ing  the  drying,  by  absorbing  a  portion  of  tbe  m 

The  workman,  called  the  dish-maker,  who 
for  dishes,   plates,    saucers,    wash-bowls,  or 
always  cuts  otFfrom  the  mass  a  piece  of  clay 
size  and  strength  of  the  article  he  has  to  make 
again  cuts  asunder,  or  breaks  with  his  hands,  repeating 
operation  of  forcibly  slapping  them  together,  to  pire 
air- bubbles  from  remaining  in  it.     The  piece  b  *^^ 
a  flat  surface  of  board,  or  plaster,  and  tbe  wori 
heavy  lump  of  clay,  with  a  level  under-surface, 
holding  in  the  hand,  beats  the  clay  to  the  thiuneM 
is  intended  to  form.     These  pieces  of  clay  arc 
called  bats. 

For  wash-bowls,  dishes,  or  plates,  the  workman,  catteA 
whirlery  uses  a  vertical  spindle,  surmounted  with  h 
block,  ten  inches  diameter,  and  about  two  inches 
this  he  places  his  plaster-mould,  and  with  a  bat  laya 
properly  upon  it;  he  then  with  one  hand  gives  mo 
whole,  while  with  the  other,  dipped  in  water,  he  pre 
clay  very  close  to  the  plaster-mould  :  then,  when  aoT 
tional  piece  is  required,  as  the  ledge,  or  foot,  it  is  jot; 
with  slip,  and  firmly  squeezed  to  the  other  clay, 
a  suitable  thin  tool  or  utensil  of  pot,  of  the  p 
inside,  is  applied,  to  give  the  proper  shape  and 
The  sponge  is  now  again  employed  to  clean  off  all  C3C* 
cences ;  the  whole  is  cut  to  its  size,  finished  with  the 
and  set  to  dry  a  little,  and  a  honi  tool  is  employed  Ui 
it  off. 

The  moulds  are  capable  of  being  used  &ve  or  six 
succession  each  day,  because  as  soon  as  one  hm  been 
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H  ifl  tet  in  a  6tove  tu  dry^  and  a&  the  workman  proceeds 
re^larty,  each  ii  allowed  equal  time  for  drying. 

When  the  bowls,  dishes,  or  plates,  are  taken  off  the 
moulds,  and  have  been  pared  round  the  edge  with  a  thin 
biaded  knife,  they  are  slightly  polished  by  the  hand,  and 
afterwards  laid  on  each  other  in  quantities  of  four,  eight, 
twelve,  or  more,  according  to  their  size  and  strength,  to  dry 
and  harden,  preparatory  to  being  placed  in  sa^^ws  for  the 
biacuit'Oven. 

The  sgueexer  generalhr  uaee  moulds  which  have  two  or 

more  parts.  The  moulds  for  figures  have  their  parts  numbered. 

He  takes  a  bat  of  a  proper  size  and  thickness,  and  lays  it 

1     in  one  part  of  the  mould,  tlien  with  a  large  eponge  beats  and 

^well  forces  it  into  all  tlie  cavities ;  he  next  tidies  another 

W  part,  on  which  is  the  bottom,  and  presses  the  two  parts  toge- 

r  ther ;  he  then  rolls  a  piece  of  clay,  and  forces  it  into  those 

^  parts  of  the  article  where  the  mould  joins  together,  and 

■^ifterwards  cleans  off  all  the  excrescences,  and  securer  tlie 

Hparts  by  a  leather  strap,  so  that  tlicy  cannot  come  asunder 

H  4i^blle  the  mould  is  in  the  stove,  or  on  the  shelf,  to  dry  to  the 

gteen  state.     When  he  takes  the  strap  off,  the  parts  of  the 

mould  are  carefully  separated,   and  the  vessel  finished,  by 

the  joints  being  pared,  cleaned,  and  sponged.     The  spouts, 

himdles,  covers,  ornaments  on  the  outside^  and  figures,  are 

sitniJurly  formed  and  finished  off» 

This  part  of  the  process  was  formerly  performed  by  caiting; 
but  casting  is  now  only  employed  for  the  most  elegant 
irregular  shapes,  where  strength  is  not  important. 

The  very  dry  mould  is  well  closed  together,  and  strapped 

lor  security.     Some  clay  is  then  mixed  with  pure  water  till 

it  be  reduced  to  a  pulp  of  the  consistence  of  cream.     This  is 

poured  into  the  mould  until  it  be  filled,  and  the  plaster,  of 

which  the  mould  is  formed,  absorbs  the  water  from  the  clay 

Ihat  is  contiguous  to  it,  and  leaves  a  coating  of  clay  attached 

In  the  mould.     The  pulp  is  then  poured  out,  and  the  coating 

allowed  a  short  time  to  dry;  a  second  charge  of  a  much 

B  thicker  cons^istence  is  then  poured  in,  and  forms  a  body  suffi- 

Hciently  thick  for  the  article  intended,  and  when  a  coating  is 

B again  formed,  the  remainder  of  the  pulp  is  poured  oiT,  and 

V  the  mould  placed  a  short  time  near  a  stave,  and  when  su^- 

cientty  dried  is  separated,  and  the  article  left  to  dry  to  the 

■  Ifreen  state :  the  seams  of  the  joints  ar#  then  smoothed  off,  and 
the  article  is  finished  by  the  skill  of  the  workman,  and  when 
thoroughly  dried  is  placed  in  a  sagger  for  the  biscuit-oven. 
All  the  articles  made  in  the  clay  by  thetie  various  proc</8S«s, 
2h2 
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after  being  finished  in  reference  to  tkeir  siiapes^  figures,  site^i 
ornaments^  &c.  are  placed  on  boards,  and  left  to  dry  by  the 
temperature  of  the  apartment  where  they  were  made^  or  put 
into  a  dr^'ing-house,  green-house,  or  store. 

The  sagger-^naker*  is  expected  to  Imow  the  exact  propor^ 
tions  of  nuu<l,  old  ground  saggers,  and  sand,  that  are  required 
to  form  the  best  saggers  for  either  pottery  or  porcelain. 
Saggers  are  of  different  sizes,  shapes,  and  depths,  formed  of 
a  very  porous  'comi)08ition,  and  capable  of  bearing,  without 
being  fused,  a  most  intense  heat.  The  bottom  of  each  sagger 
has  a  thin  layer  of  fine  white  sand,  to  prevent  the  pieces  of 
pottery  touching  and  adhering  to  it. 

For  porcelain  flat  ware,  as  plates,  &c.  the  sagger  is  also 
firmly  filled  with  very  dry  flint,  to  preserve  each  piece  in  its 
proper  shape.  When  a  sagger  is  filled  witli  clay  ware,  on 
its  outer  edges  are  placed  thick  pieces  of  coarse  clay,  called 
wads  from  their  being  employed  to  wedge  or  closely  join 
the  interstice  between  two  saggers,  as  well  as  to  support  the 
edges,  and  preserve  equal  pressure. 

Each  pile  of  saggers  placed  in  an  oven  is  called  a  bung; 
and  the  man  who  places  the  ware  in  the  saggers,  and  the 
saggers  in  the  oven,  the  oveiunum. 

The  potter's  oven,  for  both  biscuit  and  gloss  firings,  is  very 
much  like  that  in  which  bricks  and  tiles  are  usually  burnt  in 
most  parts  of  the  kingdom;  that  is,  a  cylindrical  form, 
surmounted  by  a  dome.  Around  this  oven  are  formed  fire- 
places or  mouths,  whence  the  fire  passes  into  horizontal 
flues  in  the  bottom,  and  perpendicular  flues,  called  bags,  on 
the  inside,  and  so  ascends  through  all  the  interstices  of  the 
bungs  of  saggers,  until  the  surplus  escapes  through  the 
aperture  in  the  dome  of  the  oven. 

Most  ovens  are  surrounded  by  a  high  conical  building, 
called  a  hovel,  large  enough  to  allow  the  man  to  wheel  coals 
to  the  requisite  places,  and  to  pass  along  to  supply  each  mouth 
with  fuel ;  and  at  the  same  time  to  protect  both  him  and  the 
oven  from  rain  or  any  other  atmospheric  inclemency. 

The  saggers  are  sometimes  placed  to  dry  in  the  sides  of  the 
hovel,  and  sometimes  in  a  smoke  house. 

The  biscuit-oven  is  always  the  largest  upon  the  premises. 
The  workman  is  called  the  biscuit  fireman^  and  is  employed 
from  48  to  50  hours  at  a  time.     The  heat  is  gradually  in- 

*The  v.ord  "  sagger  **  is  by  many  supposed  to  be  a  corruption  of  safe- 
piiard  ;  bm  "we  are  disposed  to  date  its  oriijiii  to  tlie  Hebrew,  from  the 
word  M/r/ir,  to  bum.  It  is  a  baked  earthen  vessel  into  which  others  are 
placed  when  put  into  the  kiln. 
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throughout  the  time^  but  porcelaiii  does  not  require 
it  BO  loDg»  as  it  more  readily  allows  the  heat  to  be  raised. 

In  different  parts  of  the  oven,  where  they  ean  be  easily  ex- 
tracted, nags  of  i:^^yptitin  black  clay  are  placed,  as  trials^  by 
which  an  experienced  fireman  can  tell  how  much  longer  the 
process  must  be  carried  on,  not  within  an  hour,  as  indi- 
cated by  Wedgevi'ood's  pyrometer,  but  within  ten  minutes. 
Hence  the  pottery  district  has  a  very  pertinent  proverb : 
"JXloMrw^  beats  a  trial,'' 

The  name  of  the  ware  thus  fired  is  biscuit,  because  of  its 
bdsg  to  appearance  and  feel  like  sliip-bread  when  well  baked; 
tlie  8ar£ice  is  devoid  of  any  appearance  except  that  of  a 
totiacco-pipe,  sometimes  tinged  by  the  intense  heat.  When 
the  saggers  are  taken  out,  ihe  articles  are  carefiiily  sorted, 
and  all  injured  pieces  are  rejected. 

if  pottery  were  used  in  the  biscuit  state,  it  would,  in  some 
cases,  be  permeable  to  water  ;  hence  wine-coolers,  akazarits^ 
are  always  in  the  biscuit  state.  The  beat  size  of  wine-coolers 
IB  that  which  just  admits  the  bottle,  for  then  the  air  of  the 
poom  can  very  little  atTcct  the  water  in  the  cooler,  w^hich  con- 
•equenlly,  by  passing  from  the  inner  to  the  outer  surface, effects 
the  purpose  sooner  ]  a  humid  coating  being  thus  presented  to 
tlie  iiclion  of  the  surrounding  atmospiiere,  the  evaporation 
causes  a  consequent  cpiicker  diminution  of  heat  than  could 
take  place  with  a  dry  surface 

All  articles  of  pottery  which  have  but  one  colour,  and  many 
that  have  several,  are  in  general  ornamented  either  by  the 
pencil,  or  by  impressions  taken  from  copper-plates*  The 
farmer  is  called  blue^  or  biscuit-painiittgy  the  latter  blue* 
fjrifiting,  Hoth  processes  tal<e  place  on  the  biscuit,  prior  to 
the  ware  being  dipped  in  the  glaze.  If  the  ware  were  not 
previously  fired,  aud  were  capable  of  being  handled  about  for 
the  painting,  the  water,  used  to  soften  the  colours,  would 
soften  the  ware ;  and  the  impressions  from  plates  could  not 
be  dearl y^  e>cn  if  at  all,  transferred  to  the  ware  ;  water  also 
oonld  not  be  employed  to  wash  off  the  paper,  and  the  water 
ndiieli  contains  the  components  of  the  glaze  would  be  ab- 
sorbed by  the  clay  body,  which  would  by  this  means  be  ren- 
dered so  soft  as  not  to  preserve  its  shape  in  the  oven. 

It  has  been  thought  that  advantage  might  result  from 
being  able  to  mix  some  substance  with  the  clay  of  enamelled 
ware.  M'hich  would  resist  the  action  of  water,  as  a  suitable 
fl'i  *  it  then  be  first  employed,  and  one  tiring  answer  for 
bot  M;uit  and  the  gloss,  which  would  save  one  opera* 

tion,  HA  well  as  the  time,  labour,  and  expense  of  fuel* 
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In  bhiS'paintingf  the  colour  is  mixed  with  water  and  gui 
and  carefully  laid  on  the  biscuit  ware.  Ab  every  stroke  leave 
a  mark  in  the  pores  of  the  vessel,  great  attention  must 
paid    to   the   pattern,   for  a  stroke   once   made   can    nei 
oe  rubbed  out*    After  the  pattern  is  finished,  the  ware  l( 
allowed  to  dry  by  the  atmosphere^  and  is  then  dipped  in  thj 
glaze ;  it  \6  afterwards  exposed  to  heat  in  the  gloss-ovei 
which  fuses  the  minerals  contained  in  the  colours,  and  girt 
to  each  a  coating  of  true  gloss :  about  4000  young  women  u 
employed  in  this  branch  of  pottery,    and  by  their  industi 
support  themselves  in  a  respectable  manner. 

Jiiue-printiTig  is  the  impressions  taken  from  engraved  coj 
per-plates  by  means  of  a  rolling-press.     The  blue-printer  la] 
the  plate  upon  a  stove  while  the  oily  colouring  substance 
rubbed  in,  and  by  the  heat  the  metalline  particles  contained  ii 
the  oil  flow  and  sink  more  readiiv  into  the  engraved  line 
The   colour  is  oxide   of  cobalt,  nuxed    with  different  sul 
•tancesy   and  in  suitable  proportions,    for  the  pale  or  dark 
Uiies. 

The  superfluous  colour  is  carefully  cleaned  off  the  hot  plate, 
which  is  bid  on  the  press,  and  covered  with  a  piece  of  coarse 
tissue  paper,  which  has  been  first  brushed  over  with  a  strong 
He  of  soft  soap,  called  sizhig.  The  whole  is  now  passed 
through  the  press,  and  the  heat  of  the  plate  dries  the  paper, 
renders  it  more  adhesive  of  colour,  and  also  more  easy  to  be 
extracted  from  the  plate.  The  impression  when  taken  off  the 
plate  is  given  to  a  girl,  called  a  cuttcTy  who  cuts  it  into 
shapes,  and  hands  the  parts  to  a  woman,  (the  transferrer,)  who 
puts  them  on  the  biscuit^  and  when  she  has  properly  arranged 
them  rubs  them  till  the  several  pieces  are  completely  affixed  to 
the  biscuit  article  :  the  article  is  then  left^for  a  short  time  to 
imbibe  the  colouring  matter  ;  after  which,  the  paper  is  wdtad 
washed  o^  with  clean  water,  and  the  article  is  put  into  a  kil^^ 
to  dissipate  the  oil.  Sometimes  the  outline  of  a  pattern  is 
printed  on  the  ware^  and  the  colours  are  afterwards  added 
with  a  penciU 

The  earthenware  is  now  ready  to  receive  the  smooth  coat- 
ing called  glaze  or  glosa.  The  employing  of  this  glaze, 
though  in  general,  is  not  ahvays,  with  a  design  to  prevent  the 
vessel  from  imbibmg  tlie  liquid  that  may,  at  any  future  time, 
be  poured  into  it ;  because  some  bodies  of  earthenware  are, 
before  glazed,  impermeable  to  liquids  of  any  kind  j  but  with 
a  design  of  accomplishing  a  more  important  object,  that  of 
hiding  the  substance  of  the  vessel,  which  is  not  always  cithci 
for  fineness  of  texture  or  whiteness  of  colour,  of  a  very  pre-f 
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appearsnce,  A  coating  of  mere  glaze  would,  by 
isparenby^  only  expose  these  defects ;  cveii  if  it  wert 
'■Hfiiciently  contractile  and  expansile^  by  sudden  changes  of 
temperature^  to  admit  of  its  being  used.  Hence  is  employed 
a  vhrifiable  composition  of  oxides  of  lead,  glass,  tin,  &c.  soiiie- 
what  resembling  common  flint  glass,  readily  made  fusible 
by  a  little  alkali  and  hardened  flint,  which  will,  vrhen  well 
managed,  possess  sufficient  opacity,  and  by  applying  a  certain 
dq^ee  of  heat,  flow  and  vitrify,  and  render  fusible  any  flint 
or  clay  in  contact  with  it,  and  thug  not  only  fill  up  the 
pores  of  the  biscuit  article,  but  cover  the  whole  with  an 
opaque  coating,  that  may  be  regarded  as  of  real  flint  glacis, 

As  the  glaze  that  suits  one,  compositioTi  of  ware  will  not 
iiut  anotlier,  owing  to  the  diflerence  in  kinds  as  well  as  pro- 
portions of  materials,  it  is  ever  requisite  that  the  components 
of  Uie  glaze  be  carefully  appropriated  to  the  hardness,  deiifeity, 
8tc.  of  the  components  of  the  clay ;  because  a  good  glaze 
should  always  possess  the  property  of  remaining,  after  being 
fired,  unaffected  by  heat  or  cold,  in  exactly  tlie  same  ratio  as 
Ifae  clay,  else  on  any  Budden  change  of  temperature,  there 
would  be  a  counter  action  between  the  body  and  the  glaze. 

When  the  article  is  short-fired, it  is  always  more  susceptible 
of  the  components  of  the  glassy  surface,  and  becomes  al- 
together crazed,  or  full  of  Ittlle  cracks,  which  render  it  perme- 
able to  water,  and  receptiv^e  of  oily  and  greasy,  and  other 
heterogeneous  substances,  and  ere  long  the  article  will,  by 
conatant  usage,  appear  very  much  like  a  rotten  substance. 

Crazing  is  the  technical  tenn  for  the  cracking  of  the  glaxe, 
whatever  be  the  cause :  whether  it  arise  from  excess  of  al- 
kali in  the  materials  composing  the  glaze,  the  deceptive 
union  of  the  body  and  glaze,  the  unsuttableness  of  the  body 
to  the  materials  of  the  glaze,  the  components  of  the  glaze  not 
being  equally  fusible  at  the  heat  employed,  or  the  heat  for  the 
proper  fusion  of  the  glaze  being  too  high  for  the  body 
Itself. 

Mr.  Parkes  states,  that  a  little  lime  mixed  in  the  clay  will 
present  crasdng ;  but  manufacturers  are  of  opinion  that  the 
net  is  the  contrary.  Lime  will  in  a  slight  degree  add  to  the 
transparency  of  porcelain,  but  ever  render  it  liable  to  craze* 
If  the  articles,  whether  biscuit  or  gloss,  be  taken  out  of  the 
oven  before  tolerably  cool,  the  temperature  of  the  mr  will 
moft  generally  affect  them,  and  especially  the  glaze^  which  is 
not  then  properly  annealed. 
B  The  glazfi  is  a  vitrifiable  composition,  about  the  consist- 
H  CDce  of|  and  in  appearance,  very  much  like  new  cream*    It  la 
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essential  tLat  it  be  thin^  and  when  fired,  po»seKB  a  degree  of 
opacity  to  approach  as  nearly  as  pos&mlc  to,  and  yet  be  below 
tlie  fusibility  of  the  biscuit,  tbiit  the  combination  may  be 
more  intimate  and  permanent.  Hence  its  composition  varies 
for  each  body^  consonant  with  the  view  and  experience  of  the 
manufacturer  j  and  it  is  very  seldom  that  it  can  be  applied  to 
another  body  without  previously  altering  its  composition. 

In  some  instances  the  cost  of  glaring  is  much  less  than  iu 
others ;  though  economy  is  sought  for  in  all,  and  each  manu- 
facturer regards  his  own  as  the  best  and  cheapest  of  the  kind 
lor  the  purpose  to  which  it  is  employed.  Great  care  is  taken 
'that  the  recipes^  which  are  considered  very  valuable,  be  kept 
as  much  as  possible  secret  among  themselves,  to  prevent 
foreign  potters  availing  themselves  of  thcra,  to  the  injury  of 
our  manufacture, 

ilaw  glares  are  employed  for  the  common  pottery,  such  aa 
toys,  jugs,  tea-ware,  &c.  They  are  gcoerally  composed  of 
white-lead,  Cornish-stone,  and  flint,  ground  by  a  haiid-milL 
We  have  seen  a  few  raw  glazes  for  porcelain  of  a  very  good 
quality  ;  but  fritt  glazes  are  mostly  used,  and  are  of  excellent^ 
fjuality.  ^1 

J^Vitt  is  derived  from  a  certain  combination  of  different 
materials  being  well  mixed  together,  ot  fritted y  and  then  cal- 
cined ;  which  procures  a  union  of  all  the  parts,  and  a  solidity 
and  purity  not  otherwise  attainable.  The  fritt  is  generally 
placed  where  it  can  be  affected  by  a  sufficient  heat  to  fuse  all 
iu  ingredients,  without  volatilizing  the  uncombined  alkali. 

Lynn  sand  is  occasionally  one  of  the  ingredients  em- 
ployed in  the  fritt.  Some  persons  use  soda,  to  render  the 
fritt  more  fluent  while  being  fired,  in  some  instances,  com- 
mon salt  is  used  along  with  a  portion  of  potash,  which  decom- 
poses it,  and  drives  off  part  of  its  impurity.  The  remaining 
impurities  are  driven  away  in  the  process  of  fritting.  Let  it 
be  remembered,  however,  that  brilliancy  of  glaze  is  formed 
only  by  lead  ;  and  that  the  emplo)Tiient  of  salts  ever  produces 
a  poor  appearance. 

The  calcined  fritt  is  pounded,  picked,  sifted,  and  ground  to 
an  impalpable  powder,  after  which  it  is  mixed  with  certain 
proportions  of  white-lead  and  tlint,  and  again  ground  in  a  very 
powerful  mill.  The  finer  it  is  ground,  the  more  serviceable 
it  is  for  the  purpose ;  the  glaze  is  every  way  better,  is  more 
level  on  the  ware,  more  readily  and  easily  fired,  of  greater 
brilliancy,  and  scarcely  ever  liable  to  craze. 

The  lead  causes  the  other  components  to  vitrify  at  a  certain 
beat  \    and  accordiDgly  as  more  or  less  is  uac 
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becomes  harder  or  softer.  Many  objections  have  been  made 
to  its  employment :  those  in  reference  to  vessels  for  domes- 
tic purposes  we  have  already  noticed  ;  and  in  reference  to  the 
dippers  being  subject  to  paralysis  (which  h  supposed  to 
result  from  the  lead,)  every  aid  is  afforded  hy  preventives, 
and  where  attcntian  is  paid  to  personal  cleanliness,  fmd  tlie 
water  and  towel  placed  for  their  use  are  employed,  deleterious 
effects  can  seldom  be  experienced* 

The  materials  being  well-ground  and  in  a  ^.tate  of  fluidity, 
are  next  put  into  tlic  dipping  tub.  As  the  materials  are  heavy 
it  is  requisite  to  keep  the  powder  suspended,  and  uniformly 
dispersed  through  the  mass,  which  weighs  about  32  oz«  per 
ale- pint.  By  the  side  of  this  tub  stands  the  dipper,  and  a  boy, 
his  assistant.  The  boy  is  employed  in  brushing  the  articles, 
and  delivering  them,  one  by  ojie,  to  the  dipper,  avIio  dipg  them 
quickly  into  the  liquid,  and  as  soon  as  he  takes  them  out, 
turns  them  rapidly  about,  that  the  thickness  of  the  liquid 
may  be  equal  ijj  all  the  partn.  The  water  is  imbibed  by  the 
porosity  of  the  biscuit,  and  there  is  left  a  coating  of  the  sub- 
stances, sufticieutly  hard  to  continue  affixed  until  the  article 
be  placed  in  the  sagger.  The  article  is  then  placed  on  a 
board,  another  is  similarly  dipped,  and  thus  it  proceeds  until 
the  quantity  be  finished,  when  the  whole  are  put  into  saggers. 

When  a  flat  piece  h:is  been  dipped,  it  is  placed  on  a  board, 
in  which  are  a  number  of  nails,  about  an  inch  above  the  sur- 
Ibice  *,  the  superfluous  compound  runs  olf,  the  remainder 
flulckly  dries,  and  soon  admits  of  being  moved  ;  which  eflfects 
»  saving  In  fuel  and  materials,  and  the  articles  are  better 
glazed* 

Hollow  pieces  and  blue-priuteJ  ware,  are  placed  on  hair 
uleves,  or  on  four  pieces  of  sheet  iron,  fVom  two  to  three  feet 
long,  called  a  fiddle  ;  in  tluree  minutes  the  dipped  articles 
are  sufficiently  dry  to  be  removed  to  the  board,  and  a  few 
minutes  afterwards  to  be  placed  in  the  saggers. 

In  the  iiiferior  earthenware  certain  metallic  oxides,  as  of 
copper,  itc.  are  mixed  with  the  glaze.  ITjese  kinds  of  glaz,es 
arc  distinguished  by  the  name  of  dips.  When  the  article  has 
been  thus  dipped,  it  is  finished  on  a  turner's  lathe,  to  nuu'k 
what  is  to  be  white,  and  when  the  appendages  are  al£xed  it 
is  dried  in  the  oven. 

The  tirticles  are  again  put  into  the  saggers  to  fiise  the  glaze, 
and  as  in  this  process  each  would  attach  itself  to  the  other, 
were  they  to  come  hi  contact,  pieces  of  clay  of  ditfcrent  sizes 
and  shapes,  called  stilts,  cockspurs,  rings,  pins,  bats^  &€• 
are  put  to  keep  them  apart. 
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(lie  Buggera  ftre>  as  before,  piled  in  the  glots-^nttHf  wftM 
seUom  holds  more  than  one  half  the  quantity  of  wsra  ired  ll 
the  biscuit-oven.  The  gloss-Jireman  raises  the  tempcftiBt 
us  quickly  as  posalhle  to  a  height  sufficient  to  fuse  the  gWe, 
which  is  much  lower  than  the  heat  of  the  blficiut-ovtii  id 
usually  keeps  it  fired  from  16  to  19  hours.  DriaUy  made  d 
Dative  red  clay,  are  found  very  essential  in  this  operation,  l» 
prevent  the  ware  being  more  intensely  heated  than  the  bimll 
body  will  bear ;  for  as  clay  contracts  by  every  addition  of  hunt, 
were  the  heat  of  the  gloss- oven  to  exceed  the  beat  vstd 
for  the  biscuit,  the  articles  would  be  further  contracted,  and 
would  be  cither  crooked  in  shape,  or  injured  in  the  gte. 
The  coating  of  glaze  which  adhered  to  the  biscuit  is,  by  thii 
firing,  uniformly  spread  over  the  surface,  the  pAftidca  ift 
fused  altogether,  and  the  ware,  when  coldj  appears  to  bs 
covered  with  perfect  gloes. 

As  the  gloss-oven  is  sometimes  fired  to  a  greater  degree  d 
heat  than  some  colours  will  bear,  another  process  b  employtdi 
called  enamelling,  because  the  designs  are  mote  el^rant  in 
their  execution  and  form,  and  the  colours  are  boi'i 
glaze  of  the  pottery.  These  designs  are  of  the  finetL  uirsc*-|r- 
ticm,  and  are  most  delicately  executed  upon  the  glostjr  uahee. 

The  colours  used  are  generally  of  a  niineml  or  metaOie 
nature.  For  blacks,  oxide  of  umber  and  cobalt^  and  a  fittle 
oxide  of  copper.  The  best  oxide  of  iron  is  prodoced  bj 
causing  heated  air  to  act  upon  iron. 

For  purples  and  violets,  precipitate  of  cassius,  and  oxide  d 
gold. 

For  greens^  oxide  of  copper,  and  precipitate  of  copfier. 

And  for  blues,  oxide  of  cobalt. 

These  oxides  are  all  iji  an  impalpable  powder,  and  are  inind 
with  a  certain  powder  as  a  flux,  and  are  so  prepared  as  uertf 
to  spread  beyond  their  lines,  or  injure  the  drawing  wldk 
being  fired. 

£ach  colour  is  ground  with  a  muUer  on  a  large  ^r>^f1  «^ 
and  is  incorporated  with  acid  of  tar,  oil  of  tur 
whatever  oil  may  be  deemed  suitable,  and  is  tvu 
Camel-hair  pencils  are  used  to  lay  the  colours  on  the 

As  botJi  malea  and  females  are  employed  in  this  b 
men  are  called  painters^  the  women  ^aiM/reMe*  .*  but  in  bla^ 
painting,  where  no  men  are  employed,  the  wococn  art  aU 
blHe-pai  filers. 

This  is  the  finest  and  most  durable  species  of  palntlnff,  •i 
it  is  cai>able  of  being  employed  for  the  most  elr— -  r  — iT rsb- 
able   embellishments,  as  neither  air^   uor  vn  ai«<t 
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rither  the  beaaty  of  the  design^  or  the  briiliancy  of  the 
colours. 

Gilding  requires  the  precipitate  of  gold  from  its  solution 
to  be  properly  mixed  with  oil  of  turpentine,  and  great  piiins 
must  be  taken  in  laying  it  on  the  pieces,  which  is  done  in  a 
namier  similar  to  the  preceding.  When  the  article  is  heated, 
the  oxygen  flies  off  and  leaves  on  the  ware  tlie  gold  in  a  metal^ 
lie  etate ;  but  the  natural  brilliancy  of  the  gold  is  wanting, 
coiiBe«)uently^  a  burnisher  of  agate,  blood-stone,  or  steel,  is 
applied  to  the  gold,  first  moistened  with  fiint-water,  to  pro- 
cure the  bright  and  shining  property  of  the  precious  metal, 
kifhich  is,  by  that  means,  quickly  brought  in  riew.  Tliis,  when 
the  gold  is  not  too  much  lowered  by  fluicing,  will  scarcely 
ever  taminh. 

Black-printing  is  a  very  distinct  and  curious  process.  Tlie 

rofkn  an  boils  a  quantity  of  glue  to  a  certain  consistence, 

and  i>ours  it  on  very  Bmooth  dishes,  to  the  thickness   of  an 

ith  or  a  quarter  of  an  inch,  according  to  the  size  of  the 

he  may  have  to  use.     This,  when  cold,  is  cut  into  sizes 

the  plate,  called  papers ;  and  he  makes  as  many  as  he  can 

►nvcniently  use  in  his  routine  of  working. 

Then  taking  a  copper-plate,  properly  engraved,  be  rubs 
into  it  some  well-boiled  oil,  and  having  properly  clennsed  the 
plate^  forcibly  presses  the  glue^paper  against  it ;  the  latter 
being  firmly  fastened  to  a  piece  of  wood  to  be  held  in  one 
hand,  and  the  paper  being  laid  on  a  boss  or  cushion  held  in 
the  other.  The  oil  in  the  plate  adheres  by  the  pressure  to  the 
glue-paper,  and  he  carefully,  but  firmly,  presses  it  and  the 
piece  of  pottery  together  ;  then  separates  them,  and  with  fine 
cotton  slightly  sprinkles  the  colour  (which  is  in  an  impalpable 
powder)  upon  the  design  left  by  the  oil.  After  a  certain  time 
the  oil  has  evaporated  sufficiently  to  permit  all  superabundant 
cdour  to  be  wiped  off,  which  is  done  with  much  delicacy  and 
attention,  by  using  old  silk  rags,  and  the  black  printed  pot- 
tery is  placed  in  the  enamel-kiln,  where  the  glaze  and  coluur 
fiite  and  incorporate. 

The  enamel-kiln  is  commonly  matle  in  the  shape  of  a 
chemist's  muffle,  from  about  six  to  ten  feet  long,  and  three  to 
fire  feet  wide  ;  having  from  one  to  four  mouths,  according  to 
the  size  of  the  kiln,  and  the  purposes  to  which  it  is  applied  ; 
these  mouths  are  made  for  the  admission  of  fuel.  In  this  kiln 
the  articles  are  very  carefully  placed  in  layers,  or  thin  bats, 
until  the  whole  be  filled  ;  the  mouth  is  then  stopped,  and  the 
kiln  fired  for  about  eight  or  ten  hours. 

llie  articles^  when  painted,  gilded^  or  black  printed,  are 
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;ed  to  a  third  firing  in  the  enamel-kiln,  whicli  fuses  botk 
the  glayc  and  the  colours,  and  the  mineral  or  metallic  particlctlB 
flow  and  become  incorporated  into  the  glassy  surface.  w 

LfUstre  ware  consists  of  an  inferior  quality  of  the  niateriala 
worked  into  the  usual  forms,  and  having  the  hue  of  gold, 
platiua,  or  copper,  &c.  fLxed  on  the  glaze,  whoae  great 
brilliance,  when  first  made,  occasioned  it  to  be  thus  named. 

The  very  easy  method  of  performing  the  operation,  and  the 
quick  sale  wliich  the  articles  obtain,  has  caused  it  to  become 
so  common,  and  of  a  quality  bo  inferior,  as  to  be  little  esteemed 
by  potters. 

The  pottery  to  receive  lustre  is  made  and  glazed  for  the 
purpose.  That  {or  gold  lustre  i»  made  of  the  red  clay  of  the 
district,  and  when  fired  gloss,  has  just  a  sufficient  tint  left  to 
give  to  the  articles  that  peculiar  shade  of  colour  observable  on 
viewing  them.  A  very  common  article  of  cream-colour  ia 
commonly  used  for  the  silver  lustre. 

The  oxide  used  for  lustre,  as  gold,  platinum,  &c.  is  mL\ed 
with  some  essential  oil  by  the  application  of  heat,  and  the 
fluid  is  bnished  over  the  ^surface  of  the  articles.  Sometimes 
ornaments  are  formed  ou  the  surface.  For  this  purpose,  a 
thick  fluid  of  soot  or  lamp-black  is  laid  on  the  articles,  by 
brushes,  according  to  the  patterns,  and  the  articles  arc  then 
beated  in  a  very  hot  iron  oven,  and  afterwards  have  the  lustre 
fcrushcd  over  them.  When  dry,  they  are  placed  in  a  kUn, 
similar  to  that  for  enamel  ware ;  which,  being  carefully  fired, 
dissipates  the  oxygen,  loosens  the  ornamental  article,  and  re- 
stores the  metaUic  lustre  to  a  degree  almost  equal  to  its  primi- 
[tive  brilliance)  but  in  some  cases  it  is  of  a  coppery  and 
steely  brilliance. 

In  Messrs.  Rileys'  sMning  black  biscuit  porcelain,  the  ware 
!i3  of  a  jet  black  jasper,  or  porcelain  body,  having  tmdcrgone 
a  high  degree  of  vitrification,  which  ehcits  a  lustre,  or  bright 
Titrified  polish  on  the   surface,  of  the  appearance  of  black 

iral,  witliout  a  glaze,  which  is  of  considerable  importance  \n 
►oint  of  durability,  elegance,  and  usefulness.  It  is  warranted 
.peverto  change  its  elegant  quality  by  time  or  use,  and  wil 
i:lean  with  water,  equal  to  a  piece  of  tlie  finest  porcelain. 
has  a  decided  advantage  over  the  dry  body,  or  common 
Egyptian  black,  "wXxich  is  generally  scoured  and  oiled  to  give 
the  surface  a  smooth  appearance,  by  which  it  imbibes  dust 
and  becomes  oflfensive,  and  the  substance  of  which  it  is  coni- 
f  posed  being  of  a  porous  nature,  it  becomes  saturated  with  the 
Equids  poured  into  it,  which  eventually  prove  unwholes^mic, 
m  well  as  disagreeable  to  the  hands  and  sight ;  the  whole  of 
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these  dfeadvantagcs  is  obviated  by  Messrs,  Hileys'  black 
lustre,  which^  being  perfectly  ntrificd,  allows  no  liquid  to  be 
imbibed. 
I  The  direful  effects  of  using  lead  in  the  manufacture  of  pottery 
'are  manifest  by  severe  cholics,  paralysis  of  the  limbs,  and 
of^en  the  untimely  death  of  the  workmen  ;  and  yet  this  dan- 
gerous mineral  forms  the  glaze  of  the  common  red  pottery,  in 
which  imich  of  the  food  of  the  lower  classes  is  prepared. 
Lead  is  slightly  soluble  in  animal  oil,  more  copiously  in  the 
acids  of  our  common  fruits,  and  more  especially  when  their 
action  is  aided  by  the  heat  required  in  cookery.  It  is  not 
improbable  that  many  of  the  visceral  disorders  of  the  poor, 
who  use  such  pottery,  arc  attributable  to  this  little  suspected 
source  ;  and  that  it  is  to  procure  the  temporary  removal  of  the 
pain  occasioned  by  the  action  of  the  lead,  that  they  habituate 
themselves  to  the  deleterious  use  of  distilled  spirits. 

It  was  on  this  view  of  the  subject  that  the  Society  for  the 
Encouragement  of  Arts,  Manufactures,  and  Commerce,  were 
induced  to  offer  their  largest  honorary  premium  for  the  dis- 
cover}' of  a  glaze  for  such  red  pottery,  composed  of  materials 
sot  any  way  prejudicial  to  the  health,  and  which  from  its 
djeapness,  and  fusibility  at  the  comparatively  low  temperature 
leqiiired  by  red  pottery,  might  supersede  tlie  use  of  lead  in 
that  branch  of  manufacture. 

This  important  object  was  eventually  discovered  by 
J.  Meigh,  Esq,  of  Shelton,  who  was  well  persuaded  of  the 
possibility  of  its  accomplishment,  and  who,  without  any 
other  stimulya  than  a  desire  to  benefit  mankind,  first  fully 
ascertained  what  particular  objects  were  contemplaled  by  the 
Society,  and  then  communicated  his  successful  process  ;  by 
which  any  makers  of  red  pottery,  who  may  choose  to  depart 
from  long-established  usage,  which  is  but  too  often  the 
greatest  obstacle  to  improvement,  may  easily  remove  the 
source  of  the  mischief,  and  considerably  improve  the  quality 
of  the  ware,  and  effect  a  saving  in  materials  in  fuel. 

After  this  view  of  the  subject,  we  shall  not  be  required  to 
apologize  for  giving  the  process  in  Mr.  Meigh's  own  language. 

"  The  common  coarse  red  pottery,  being  made  of  brick- 
clay,  is  very  porous,  and  is  fired  at  as  low  a  temperature  as 
possible,  to  save  the  expense  of  fuel,  and  to  avoid  fusion,  or 
variation  of  shape,  which  would  result  from  highly  firing 
common  clay  ;  consequently  there  is  needed  a  glaze  to  fill  up 
the  pores,  that  the  vessel  may  contain  fluids.  This  gliute 
mu^  be  very  fusible,  and  cheap ;  hence,  for  transparent 
vessels,  litharge,  and  for  black  opaque,  common  lead  ore,  are 
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uijed,    A  gUize  of    lead,  whether  altogether  or  In  part, 
objectionable^  because,  first,  when  quickly  raised  to  the  tei 
Iw^i-ature  of  boiling  water,  it  cracks  from  different  expansibilil 
Lof  the  clay  and  the  glaze,  so  that  the  liquid  penneates  tt 
Lj)ody  of  the  vessel ;  and  secondly,  the  glass  of  lead,  whetliai 
alone  or  mixed  w  itli  small  proportions  of  earthy  matter,  is' 
"Very  soluble  in  vinegar,  in  the  acid  juices  of  fruits,  and  in 
animal  fat  when  boiling." 

The  injurious  effects  arising  from  tbeBc  have  been  already 
Stilted,     Mr.  Meigb  therefore  proposes,  that  a  mixture  of 
inarl,  wbicli  can  be  easily  ground  in  water  to  an  impalpal 
baste,  and  wiU  remain  suspended  therein  for  a  long  tii 
«e  employed  to  dip  the  vessel  in,  so  that  its  pores  may 
Jlled  with  the   fine  particles   of  the   marl,   preparatory 
fflaz-ingj   which  is  performed  witli  a  mixture,  of  the  coni 
sistcnce  of  cream,  of  equal  parts  of  black  manganese,  glas 
j>nd  Corniii!i-8tone,  (chiefly  felspar,)  well  ground  and  mix< 
flogether ;  iu  a  white  glaze  the  manganese  is  omitted.    A\ 
tmdcrgbing  thi:i  process,  the  ware  Is  well  dried  and  fired, 

Mr.  Mcigh  also  proposes  a  substitute  for  the  materials 
the  common  red  pottery,  consisting  of  four  parts  comm< 
nuirl»  one  part  red  marl,  and  one  part  brick- clay.    The  wi 
mutlc  in  this  way  is  of  a  reddish  cream-brown,  harder,  moi 
compact,  and  less  porous,  than  the  red  pottery ;  more  econ< 
niical  to  the  potter,  and  calculated  to  contribute  in  no  incoi 
sjderable  degree  to  the  health  of  the  lower  classes  who  uso' 
the  red  pottery. 

The  aim  of  the  principal  manufacturers  has  been  to  obtaiqM 
tlic  composition  of  a  clay  and  glaze  for  porcelain,  which^| 
when  fired,  should  be  very  fine  in  its  texture,  extremely  white 
ill  colour,  poHsess  considerable  transparency,  and  at  the  same 
time  be  able  to  bear  different  degrees  of  heat  and  cold*  That 
the  reader  may  understand  more  fully  the  several  peculiarities 
wdilch  are  considered  by  manufacturers  as  essential  to  perfect 
porcelain,  we  sliall  state. 

That  the  first  and  most  important  quality  is  a  superiority 
in  the  uyhileness  of  the  porcelain  j  that  its  appearance  be  free 
from  any  specks,  and  that  it  be  covered  witJi  a  rich  and  very 
^vlnte  glaze  of  almost  velvet  softness  in  appearance,  and  of 
beist  flint-glass  smoothness  to  tiie  touch. 

That  the  second  important  and  essential  quality  is  dun 
hiliii/y  or  a  substance  whose  components  will  bear,  withoi 
being  injuriously  affected,   a  sudden  and  rapid   increase 
temperature,  and  particularly  to  sustain  unaltered,  the  actioa^ 
of  boiling  water. 
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Thst  th€  third  esBential  quality  is  iranaparmctf^  which  19 
Itted  to  be,  in  some  measure,  requitiitc,  but  certiunly  ngt 
'cntliled  to  that  high  degree  of  preference  so  frequently  ^ven 
to  \if  the  best  porcelain  beiag  a  shiuie  less  tran8p&rent  than 
A  kind  much  inferior. 

Formeriyf  connoisseurs  very  highly  estimated  porceiain 
of  ft  &hiR  granular  texture ;  hut  this  criterion  of  exjceUencQ 
oannoi  al\vays  be  relied  on. 

To  ascertain  the  texture  of  an  article,  it  must  be  fractured, 
md  ihcrebv  tacitly  destroyed ;  Uie  semi-vitrification  and 
riiiiiyifM  Of  texture  obaervuble  in  one  piece  will  not  be  so 
olyrkntSf  hut  there  will  be  a  varied  appearance  in  different 
pie|se%  tbougli  all  be  fabricated  at  the  same  time,  and  from 
^the  name  mass  of  materials. 

BUmt-iihina  is  formed  of  a  compound  of  Comiiih^stone  and 
day,  blue  clay^  and  flint ;  and  with  a  glaze^  consisting  of  lead, 
.baflet-glass,  Comish-sUjne,  and  flint.  It  is  very  dense  and 
[ducablc,  but  less  traneparent  than  bone-china ;  and  is  very 
miGli  used  for  jugs,  and  the  larger  sorts  of  vessels. 

Intn-^ione  chitta  is  not  very  transparent  \  but  possesses 
great  strength,  compactness,  density,  and  durability.  It  is 
tKii  much  used  for  tea- ware,  but  has  very  suitable  properties 
for  dialer  and  stipper  services,  jugs,  and  ornaments*  It  was 
diaoovered  by  Messrs.  G.  and  C.  Mason^  and  has  been 
more  productive  than  any  other  speciea  of  pottery  or 
porcelain. 

FeUpar  cftina,  which  has  been  only  very  recently  intro- 
dacedi  is  the  most  noted  of  all  the  porcelains  ;  it  results  from 
Um^  (ntrodnction  of  certain  proportions  of  a  fresh  material  into 
hot'  ■:\y  and  glaze. 

'  sione  is  a  species  of  granite  in  a  state  of  decom- 

|>osition,  and  contains  much  felspar.  Cornish-clay  is  found 
in  vitiiitums  where  tins  decomposition  is  in  progress.  The 
di>  lig  granite  is  broken  up  with  pickaxes,  and  the 

'-  .1^  lire  thrown  into  running  water,  whose  action  washes 

I  keeps  in  suspension,  the  slight  artfillaceous  particles 
uubcioie  with  that  fluid.  The  water  is  discharged  into  pans 
pr  piUy  where  the  particles  subside,  and  the  water  is  evapo- 
"  .Ibrmerly  by  l\\e  atmosphere,  but  now  by  heated  flues 
r  under  the  reservoirs.  When  the  water  is  evaporated, 
iht  ce  U  cut  out  in  square  lumps,  and  placed  on  shelves 

to  iii  > ,  .,  ^icn  it  becomes  extremely  white,  and  in  the  state  of 
an  impalpable  powder.  It  is  then  packed  up  in  casks,  and 
forwarded  to  the  nmimfacturers. 

The  c/oy  of  the  best  felspar  porcelain  is  formed  of  certain 
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proportions  of  china^stotie  and  felspar ;  the  mixnig  of  the 
proponions  requires  nmch  attention,  for  an  excess  of  fet^p 
would  cause  the  vessels  to  shrink  in  the  biscuit-oven,  pri 
to  the  fusion  of  the  clayey  particles,  which  causes  its  trans- 
parency;  and  an  excess  of  china-clay  would  increase  the 
opaqueness.    In  both  cases,  tlie  glaze  would  expand  and  con- 
tract in  a  ratio  differing  from  that  of  the  biscuit,  and  cause 
the  pieces  to  be  crazed.     The  fusibility  of  native  felspar  is 
owing  to  its  containint(  about  13  per  cent,  of  potash,  whic" 
causes  it  to  be  one  of  the  best  materials  for  glazing  porcelai 
Calcined  bone  is  used,  and  renders  the  clay  very  white  ;  b 
it  should  be    employed  with  judgment,   as   its  great  co 
tractibility  causes  the  articles  wherein  it  is  used  to  excess^ 
crack  on  sudden  changes  of  temperature. 

Beside  the  porcelain  or  china-clay  already  noticed,  t 
manufactures  use/owr  other  kinds ;  the  two  first  from  Devo: 
shire,  the  two  last  from  Dorsetshire, 

The  blatk  fi/ay  is  remarkatile  for  llie  f^ct,  tlint  the  bituminom  matt 
'  vbjch  gives  the  colour  whence  it  derives  its  name,  flies  off  by  Jiriog ;  a 
the  blacker  tlic  ciny  when  first  dug,  the  whiter  will  be  the  poilery. 

Tlie  cracking  cUty  is  used  becaui^e  of  Us  extreracly  beautiful  whi 
I  when  fired;  but  ii  requires  very  exact  proportions  of  flint,  otiiermjie 
ware  will  crack  during  the  firing  of  the  biscuit. 

Tiie  brown  day  burns  very  white  without  cracking,  and  some  matiufi 
'turera  use  much  of  it;  but  as  the  ware  doe^  uot  so  readUy  imbibe 
[particles  of  melting  glaze,  the  Liability  of  the  ware  to  craxe  causes  otlien 
i^eject  it  altogether.  Tliis  clay  is  willi  difficulty  sifted  through  the  lawn, 
quires  much  longer  weatlicrhig,  or  exposure  to  tlie  action  of  the  atmosphere^ 
'fcr  the  separation  of  its  particles,  ana  to  prevent  crazing,  diflerent  propor- 
tiouit  of  other  materials ;  but  the  greatest  objection  to  it  is,  that  some  of  the 
I  kind  sent  within  these  few  years  has  always  burned  inferior  iii  colour  to  what 
|it  formerly  did. 

Tiie  blue  day  is   the  best,  and  the  most  expensive.     It  forms  a  very 
'irhite  and  aoiid  body,  and  requires  a  much  greater  proportion  of  flint,  which 
Irifionsiderably  improves  the  quality  of  the  ware ;  but  the  proportious  requiro^H 
strict  attention,  and  a  higher  degree:  of  biscuit-iire.  <^| 

The  cream-mlonrcd  pottoiy  has  its  name  fiom  the  tint  of 
Its  colour  bein;^  that  of  new  cream*     It  is,  when  well  made, 
an<i  properly  tired,  very  sonorous,  sufficiently  hard  to  elici^f 
sparks  by  the  application  of  steel,   and  vvill  contain  liquidl^l 

'  without  being  permeated  by  thera-  When  it  is  of  good  quality, 
it  will  resist  the  action  of  nilre,  glass  of  lcad>  and  other  fluxes, 
which  renders  it  of  great  utility  in  all  doniestic  tnid  chemical 
processes  where  great  heat  is  used.  Care  must  be  paid  to 
the  current  of  air  while  the  pottery  is  in  contact  with  fire, 

[otherwise  its  hardness  and  density,  by  preventing  its  suddeaifl| 

contraction  or  expansion,  renders  it  very  liable  to  break.         «B 

Wedgwood's  cream-coloured  pottery  is  allowed  to  retain 
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iorlt)',  ueit))er  fuiling  tiur  L:r;kzliig  LhrougJi  age  ;  while 
of  the  pottery  made  by  persons  of  small  capital  is  very 
►ject  to  both  these  defects. 

Creani  colour  is  formed,  according  to  the  viewe  &{  the 
manufacturers,  of  various  proportiotiii  of  blue  and  jiorcclaiji 
days,  flint,  and  Cornish-stone;  others  add  blacky  or  brown, 
and  cracking  clays,  with  iittle  flint  and  stone*  Recent  expe- 
riments prove  that  potter}'  of  verj'  good  <iuality  may  be  made 
by  nii.xinir  from  l^J  to  40  per  cent,  of  the  native  clay  with 
blue  and  porcelain  clays,  and  flint  and  stone. 

The  glaze  for  cream-coloured  pottery  is  formed  of  white 
lead,  Cornish-stone,  and  flint.  The  excesK  of  lead  renders 
the  glaze  more  or  less  yellow,  which  is  remedied  by  the 
application  of  other  materiab;  the  flint  gives  consihtence  to 
ifie  lead  during  vitrification,  and  prevents  its  great  fluidity, 
which  else  would  cause  it  to  run  down  the  sides  of  the  ware, 
itnd  leave  certain  parts  without  glaze. 

The  deleterious  eff'ects  arising  from  the  employ  of  whit« 
lead  in  the  fabrication  of  veissels  used  for  comliments  have 
been  pointed  out,  as  has  alHO  the  importance  of  a  substitute  ; 
but  as  the  best  manufacturers  use  much  Cornish-stone  and 
ilnt  in  their  glaze,  and  more  especially  for  those  vessels  culled 
liakers,  the  cause  of  complaint  does  not  attach  itself  to  their 
pottery.  All  persons,  therefore,  who  wish  their  pickles  and 
preserves  to  be  unaffected  by  this  poisonous  mineral,  should 
resolve  on  purchasing  their  jars  from  the  dealers  who  have 
lb«ir  goods  from  the  most  respectable  manufacturers,  who 
will  readily  vouch  for  the  excellence  of  their  articles. 

It  is  not  sufficiently  known,  that  most  of  the  earthenware 
flold  by  hawkers,  or  pedlars,  is  of  a  very  inferior  and  dangerous 
quality.  Tlie  components  of  the  clay  of  which  this  common 
rarthenware  is  made,  will  not  bear  a  fair  degree  of  heat,  and 
m  addition  to  the  ware  being  short-fired  in  the  biscuit,  the 
glaze  is  too  soft  and  short-fired;  hence,  when  such  earthenware 
has  been  used  a  few  times,  the  hot  water  requisite  for  cleans- 
ing it  will  cause  all  its  defects  to  be  obvious,  and  ere  long  it 
becon)es  so  crazed  as  to  resemble  a  rotten  substance. 

This  soft  and  soft-gla/cd  pottery  is  easily  scratched  by  a 
knife  ;  oily  matters  standing  on  it  will  stain  and  render  it 
dull ;  and  vinegiu",  and  other  weak  acids,  will  attack  and  dls  • 
isolvc  the  lead. 

The  prf>per  cream  colour  will  bear  all  of  these  uninjured, 
nnd  so  small  a  quantity  of  lead  is  used,  that,  when  properly 
gla/ed,  pernicious  clTects  need  not  be  apprehended. 

It  is  the  opinion  of  some  very  intelligent  potters,  that  the 
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total  rejection  of  lead  is  not  compatible  with  perfection  ia 

pottery. 

The  blue-printed  pottery  is  a  very  populiir  kind,  and  mo 
persons  who  hnve  seen  it  placed  near  the  preceding,  must 
have  remarked  that  it  is  of  a  finer  kind,  witli  a  very  different 
tint  or  colour. 

The  best  species  \^  in  considerable  demand  for  dinner, 
dessert,  tea,  and  supper  services ;  while  its  cheapness  has 
caused  it  to  supersede  almost  every  kind  of  ware. 

The  difference  ia  caused  by  t  .vo  peculiarities  j  one  in  the 
clay,  arising  from  the  employment  of  a  i^reater  proportion  of 
hkie  and  porcelain  clays  and  flints ;   the  other  in  the  glaze, 
from  ceitain  components  being  mixed  together,  and  calcine 
into  a  frit,  which   is  often  picked  and  sifted,  then  grouni 

►getlier  with  ghiss  and  white  le«l,  and  mixed  with  certain 
']proportions  of  Cornish-stone  and  flint. 

One  kind  of  this  potter)-  has  its  glaze  varied  to  capacilatti 
it  for  enamelling.    The  blue  printed  tea-ware  has  recently 
obtained  the  name  of  sefni-china,  owing  to  its  being,  when  wel 
fired,  very  fine,  white  and  neat,  and  possessing  some  tkgre 
of  trahsparency. 

The  chalKy potteri/  is  a  very  excellent  ami  beautiful  kind, 
having  a  tlelicute  white  appeamnce,  of  fine  texture,  and  glassy, 
smoothness.  The  nature  of  the  clay  and  the  ghize  renders 
very  proper  for  enamelling,  as  smalts  are  introduced,  in  ac*. 
cordance  with  the  views  of  the  maker,  to  effect  the  tintn. 

The  clay  is  boiled  on  a  plaster-kiln,  and  consists  of  certaiit 
proportions  of  porcekiin,  blue  and  Welsh  clays,  pulverized, 
calcined,  or  raw  flints,  Corniah-stoiie»  \rhite  enameU  tinged 
with  smalts  ;  and  some  persons  add  calcined  bone  and  plaster 
of  Paris.    This  ware  requires  a  most  ardent  fire  for  the  biscuit. 

The  glaze  is  composed  of  a  frit  of  glass,  Cornisb-stone, 
flint,  borax,  nitre,  red-lead,  potash,  Lynn  sand,  soda,  and 
cobalt  calx.  After  fritting,  and  being  well  fired,  it  is  ground 
and  mixed  together  with  white-lead,  glass,  flint,  and  Cornish- 
•tone. 

The /f/ie  red  pottery  is  formed  of  almost  equal  proportion* 
of  yellow  brick-clay  and  the  red  from  Bradwall-wood  5 
mferior  sort  is  made  for  lusirc-ware. 

In  the  Hall-field  colliery,  east  side  of  Henley,  is  found  ^ 
marl,  wliich,  when  properly  prepared,  by  levigating  and  drying, 
will  alone  form  a  very  bca\itiful  light  red,  of  four  distinct 
shades,  according  to  the  intensity  of  the  firing.  This  waa 
discovered  by  Mr.  G.  Jones,  in  1814,  who  commenced  a  nianu- 
lacture  of  this  kind  of  ornamental  potterj*  for  Messrs.  Burnettj 
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be  shipped  to  Hollaiui ;  but  the  i^uddeii  return  of  Napoleon 
from  Elba  so  disconcerted  the  arrangements,  that  the  elder 
Mr.  Burnett  died  suddenly,  mid  Jones  did  not  long  survive 
the  disappointment  he  experienced. 

The  introduction  of  oelire  wiH  cliunge  the  red  to  a  brown 
colour. 

Tlic  bamboo,  or  cane-coloured  potieri/,  h  a  very  beautiful 
kind,  employed  chiefly  for  ornamcnt;J  articles,  and  the  larger 
vessels  of  tea-services.  It  is*  never  glazed  outside,  tliough 
one  kind  has  the  outside  vitrified.  The  insides  of  tea- ware 
are  well  washed  with  a  liquid  which  forms,  when  tired,  a  thin 
coating  of  glass.  The  colour  varies  from  that  of  a  liglit 
bamboo  to  almost  a  buff:  but  the  prevalent  colour  is  nankeen. 
The  best  clay  or  body  is  formed  of  proportions  of  black  marl, 
brown  clay,  Comisli-stone,  oud  shavings  of  cream-coloured 
pottery. 

The  jasper  potien/  was  invented  by  Mr.  J,  Wedgwood.  It 
is  extremely  beautifiil ;  and  is  formed  of  blue  and  porcelain 
clay,  Comish-stone,  Cork-stone,  (sulphate  of  barytes,)  flint, 
and  a  little  gypsum,  tinged  with  cobalt  calx. 

The  peari  pottery  is  a  superb  kind  for  elegant  and  tasteful 
ornaments,  and  is  so  nmch  valued,  that  the  workmen  are 
tiiually  locked  up,  and  employed  only  on  choice  articles.  The 
comptHients  of  the  clay  are  blue  and  porcelain  clay,  Cornish- 
Rtone,  a  little  glass,  and  red- lead.  This  forms  tlie  best  body 
for  apothecaries*  mortars ;  but  it  is  more  expensive,  and  more 
durable,  than  the  common  mortar  body. 

The  black  Egyptian  pottery  is  now  so  very  popular  for 
tea-services,  that  few  persons  arc  ignorant  of  what  i«  meant 
by  this  denomination.  Its  components  arc  cream-coloured  slip, 
manganese,  and  ochre  ;  sometimes  glazed  with  lead,  Cornish- 
stone,  and  flint ;  and  the  inside  is  washed  with  white-lead, 
flint,  and  manganese.  It  was  the  custom  formerly  to  grease 
the  outside  with  butter  or  suet,  to  give  it  a  bright  appearance. 

The  ochreous  material  is  obtained  from  the  water  that  is 
pumped  out  of  the  collieries.  This  water  is  carried  along 
channels  in  w^hich  are  placed  small  weirs,  to  alTurd  an  oppor- 
tunity for  the  precipitation  of  the  sediment.  When  a  sufficient 
quantity  has  accunmlated,  the  water  is  diverted,  the  weirs 
are  emptied,  and  the  thick  fluid  is  thrown  into  small  pools, 
called  sun-pnns,  whence  the  moisture  is  evaporated  by  the 
solar  heal.  This  substance  is  afterwards  burned  with  itmaU- 
coal,  which  renders  it  proper  for  use. 

The  unpleaiKiiitness  of  the  grease,  requisite  to  give  bright- 
nets  to  the  black,  having  been  a  subject  of  general  complaint, 
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Messrs.  Riley,  of  Burslem,  were  induced  to  attempt  to  remedy 

it ;  the  result  of  which  was,  the  invention  of  a  new  blacky 
porcelain,  with  a   bright  burnished,  vitreticent  appearance^^ 
superior  to   any  other  kind  of  dry-beidy  pottery.     It   never 
imbibes  diiift,  or  absorbs  nwistnrc ;  ami  it  can  be  cleaned  with 
water  equally  as  well  as  the  finust  porcelain,  and  ulways  retains 
die  appearance  of  a  beautiful  black  coral. 

The  dvnb  pottery  is  useful  for  articles  which  require  strength 
to  be  united  to  ornament,  as  flower-pota,  water-jugs,  &c. 
It  is  formed  of  blue,  porcelain,  and  Bradwall-wood  days, 
Cornish-stone,  and  black  marl,  mixed  with  nickel ;  one  kin 
is  made  df  turnei*s'  shavings  of  cream-coloured  ware  made 
into  slip,  and  mixed  with  nickel.  The  inside  is  rendere" 
white  by  a  wash  of  slip,  flint,  and  porcelain  clay. 

It  has  for  some  time  been  usual  for  ladies  of  taste  and 
acqmrement.s  in  the  fine  arts,  to  purchase  porcelain  in  its 
glazed  state,  for  the  exercise  of  their  talents  and  ingenuity 
in  ornamenting  their  own  tea-serviceii.     This  very  pteasingt 
amusement  is  often  aided  by  manufacturers^  who   readily 
afford  every  assistance  in  their  power  to  facilitate  the  easy 
enamelling  of  such   services ;    they    supply   proper  minend 
colours,  and  the  rectified  oil  of  amber,  fm*  the  best  purposes, 
and  the  best  oil  of  turpentine  for  others  ;  and  they  attend  to  ^ 
the  proper  firing  of  the  enamel,  burnish  the  gold,  and  drepftfl 
oflf  the  whole  for  the  table. 

The  different  combinations  of  materials  appear  to  be  of 
less  importance  in  the  fabrication  of  good  pottery,  than  due 
regard  to  welUdetermined  proportions.  All  clays  have  some 
proportions,  more  or  less,  of  metallic  matter,  which  cause 
gtcat  difference  in  their  appearance,  and  the  effects  produced 
on  them  by  fire.  All  clays  vary  in  colouring  uccordinty 
to  the  ardency  of  the  fire  ;  hence  the  oven-man's  greatest  care 
is,  to  place  the  saggars  in  the  most  appropriate  parts. 

The  chief  ingredients  are  clay  and  flint ;  for  no  pottery 
will  be  perfect  nnleas  made  of  suitable  clay,  with  a  definite 
proportion  of  flint.  The  great  difficulty  is  to  unite  beauty 
and  goodness  in  the  same  composition.  If  too  much  flint  be 
used,  the  pottery,  after  being  tired,  will  crack  on  exposure  t« 
the  air  ;  and  if  too  little,  the  glaze  will  not  be  retained  on  it 
after  firing.  Every  kind  of  clay  that  is  dried  alone  will  crack ; 
for  if  pure  argillaceous  earth  be  made  sufliicicntly  ^oft  to  be 
WTought  on  the  potter*s  wheel,  it  wnll,  while  drying,  shrink 
one  inch  in  twelve,  which  will  inevitably  cause  it  to  craz«. 

Pure  clay  (alumina)  is  always  opaque,  and  the  flint  (silira) 
always   transparent ;   but  both  are  prepjired  previously 
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IjciQg  uaed.  Alumina  will  urate  with  fiilica  la  the  humid 
pmjTy  and  form  a  paste,  which,  whea  dry,  will  resist  decoiu- 
^po«itioti  by  atmospheric  affection, 

JBxpcrieuced  manufacturers  know  that  they  can  easUy 
^compound  clays  which  will  fire  very  white,  be  beautifully 
»cuii-transparcnt  for  porcelain,  and  bear  to  be  covered  with  a 
shining  glaze  ;  but  they  will  pro%'e  deficient  in  tenacity  for 
working,  want  proper  compactness  and  density,  break  by 
^ttddeci  applications  of  heat  and  cpld,  and  the  glaze,  because 
loo  Boftj  will  crack,  become  rough,  and  lose  its  lustre.  Again, 
Ihey  compound  clays  which  have  suitable  tenacity  for  wmkinL'^ 
pccome  very  hard  and  den&e  without  fusing  by  being  hrcd, 
^stain,  uninjured,  sudden  changes  of  excess  of  temperature, 
^d  are  yet  deficient  in  the  requisite  whiteness,  fineness  of 
texture,  beauty,  and  transparency.  Some  clays  of  this  descrip- 
Hon  arc  uianufactured. 

.  Having  proceeded  thus  far,  the  reader  may  feel  surprised 
bhat  we  have  not  accompanied  our  observations  with  recipes 
Bor  the  manufacture  of  the  several  kinds  of  pottery,  as  is  cus- 
lomary  in  works  of  this  description  ;  but  these,  we  can  assure 
Jdm,  are,  as  far  as  we  have  seen,  erroneous ;  and,  indeed,  the 
^nanufacturers  are  so  very  silent  upon  this  head,  that  the 
exact  proportions  of  the  components  of  bodies,  glazes,  and 
|colQfurs,  cannot  easily  be  obtained.  We  shall  therefore  con- 
clude this  article  by  stating,  that  the  district  called  "  the 
Potteries,"  is  an  extensive  tract  of  country  in  the  hundred 
«of  North  Pyrehill  and  county  of  Stafford,  comprehending  an 
^ea  of  about  eight  miles  long,  and  six  hroad ;  and  that  the 
principal  to\vns  and  hamlets  contained  within  the  limits  of 
the  Pottery  are  Stoke,  Henley,  Shelton,  Golden-hill,  New- 
fi€ld,  Smith-field,  Tunstall,  Long-port,  Burslem,  Cobridgej 
^truxia,  Lune-End^  Lower  Lune,  and  Lune-Delft. 
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HOROLOGY 


In  the  earlv  ages,  time  was  measured  either  by  the  suiii- 
dinl  or  clepsydra  3  in  the  former,  by  the  shadow  of  a  wire,  or 
of  the  upper  edge  of  a  plane,  erected  perpendicularly  on  the 
dial,  fallmg  upon  certain  lines  meant  to  indicate  the  hour ;  in 
the  latter,  by  the  escape  of  water  from  a  vessel  through  a 
Bmall  orificCji  which  vessel  had  certain  marks  upon  it  to 
fihow  the  time  the  vessel  was  discharging. 

These  modes  are  now  superseded  by  the  use  of  clocks^ 
vatdhes,  and  chronometers,  which  indicate  time  by  the  move- 
ment of  machinery. 

Under  this  general  head  of  Horolog}',  therefore,  we  propose 
to  treat  of  the  structure  of  the  severed  kinds  of  machines  now 
used  for  the  exact  measurement  of  time ;  in  doing  which,  the 
article  will  of  necessity  be  divided  into  Uiree  sub-heads, 
Qocks,  Watches,  and  Chronometers ;  and  to  them  will  be 
amiexed  two  others,  treating  of  some  of  the  best  kinds  of 
pendulums  and  escapements. 

CLOCKS. 

Clocks  are  certain  machines,  constructed  in  such  a  manner, 
and  so  regulated  by  the  uniform  action  of  a  pendulum,  as  to 
measure  time,  in  larger  or  smaller  portions,  with  great  exact- 
ness 

Fig.  489  represents  the  profile  of  a  clock.  P  is  a  weight  suspended  by  ^. 
rope  that  winds  about  the  cylinder  or  barrel  C,  which  is  fixed  upon  the  axis 
aaf  the  pivots  ft  6  go  into  holes  made  in  the  plates  TS,  T S,  in  which  they 
pun  freely.  These  plates  are  made  of  brass  or  iron,  and  are  connected  by 
means  of  four  pillars  Z  Z,  and  the  whole  together  is  called  the  frame. 

The  weight  P,  if  not  restrained,  would  necessarily  turn  the  barrel  C  with 
an  uniformly  accelerated  motion,  in  the  same  manner  as  if  the  weight  were 
falling  freely  from  a  height;  but  the  barrel  is  furnished  with  a  ratchet-wheel 
K  R,  the  right  sides  of  whose  teeth  strike  against  the  click,  which  is  fixed 
with  a  screw  to  the  wheel  D  D,  as  represented  in  fig.  490,  so  that  the  action 
of  the  weight  is  communicated  to  the  wheel  D  D,  the  teeth  of  which  act 
upon  the  teeth  of  the  small  wheel  d,  which  turns  upon  the  pivots  c  c.  The 
communication  or  action  of  one  wheel  with  another  is  called  the  pitching  ; 
a  small  wheel  like  d  is  called  a  piniotiy  and  its  teeth  the  leaves  of  tlie  pinion. 
Several  things  are  requisite  to  form  a  good  pitching,  the  advantages  oi  which 
are  obvious  in  all  madhinery  where  teeth  and  pinions  are  employed.  The 
teeth  and  pinion-leaves  should  be  of  a  proper  shape,  and  perfectly  equal 
among  themselves ;  the  size  also  of  the  pinion  should  be  of  a  just  proportion 
to  the  wheel  acting  upon  it ;  and  its  place  must  be  at  a  certain  distance 
from  the  wheel,  beyond  or  within  which  it  will  make  a  bad  pitching. 

The  wheel  E  E  is  fixed  upon  the  axis  of  the  pinion  d;  and  the  motion 
communicated  to  the  wheel  D  D  by  tli&  weight  is  transmitted  to  the  pinion 
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-i^  consequeotly  to  Ihe  wheel  E  R,  as  likewise  to  the  pinion  r,  ami  whe^ 
FF»  which  moves  the  pinion/,  upon  the  axis  of  which  trie  crown  or  balance 
wheel  G  li  is  fixed.  The  pivots  of  the  pinion /pljiy  in  holes  of  the  platei 
J*M»  which  are  fixe<i  horizontally  to  the  plates  TS.  In  short,  ihe  motion 
begun  hy  the  wei^^jl  ii  iransmitted  from  the  wheel  G  H  to  the  pallets  I  K, 
and  by  means  of  the  fork  U  X,  rivetted  on  the  pallets,  communicates  inoUon 
to  the  pendulum  A  D,  vrhich  is  suspended  upon  the  hook  A.  Hie  pendulum 
A  B  describes,  round  the  point  A,  an  arc  of  a  circle,  alternately  i^oing  mid 
returning ;  if,  therefore,  the  pendulum  W  once  put  in  motion  by  a  push  o{ 
the  handf  the  weight  at  13  will  make  it  return  upon  itself,  and  it  will  continue 
to  gfi  alternately  backward  and  forward  till  the  resii^tance  uf  the  air  upon 
the  pendulum,  and  the  friction  at  the  point  of  suspension  at  A,  destroy!^  tlie 
originally  impressed  force.  But  as,  at  every  vibration  of  (he  pendulum,  the 
Iceth  of  the  balance-wheel  G  H  act  so  upon  the  pallets  I  K,  (the  pivots  upoa 
the  axis  of  these  pallets  play  in  two  holes  of  ihe  potence  « /,)  thai  after  on« 
tooth,  II,  ha5  communicated  motion  to  the  pallet  K,  that  tooth  escapes, 
then  the  opposite  tooth,  G,  acts  upon  the  pallet  I,  and  escapes  in  the  &ame 
manner ;  and  thus  each  tooth  of  Ihe  wheel  escapes  the  pallets  I  K,  after 
hnvinir  communicated  their  motion  to  the  pallets  in  such  a  manner  that  tbe 
pendulum,  instead  of  being  stopped,  continues  to  move* 

The  wheel  E  E  revolves  in  an  hoar.  The  pivot  e  of  the  wheel  pas&ei 
through  the  plntes,  and  is  continued  to  r ;  upon  the  pivot  is  a  wheel  N  Ti, 
with  a  long  socket  fastened  in  the  centre  ;  upon  the  extremity  of  ibis  socket, 
r,  tht  minute-hand  is  fixed.  The  wheel  N  N  acts  upon  ihe  wheel  O,  the 
pinion,  pf  of  which  acts  upon  the  wheel  g  g,  fixed  upon  a  aocket  which 
turns  along  with  the  wheel  R.  The  wheel  gg  makes  its  revolutions  in 
twelve  hours,  upon  the  socket  of  which  tlic  hour-hand  is  fixed. 

From  the  foregoing  description  it  is  evident,  first,  that  the 
weiglit  P  turns  all  the  wheels,  and  at  the  same  time  continues 
the  motion  of  the  pendulum  ;  secondly,  that  the  quickness  of 
the  mntion  of  the  %vhecls  is  determined  by  that  of  the  pen- 
dulum ;  and  thirdly,  that  the  wheels  point  out  the  parts  of  time 
divided  hy  the  uniform  motion  of  the  pendulinn. 

When  the  cord  from  which  the  weight  is  suspended  is 
entirely  run  down  from  off  the  barrel,  it  is  wound  up  again  by 
means  of  a  key,  which  goes  on  the  square  end  of  the  arbor 
at  Q,  by  turning  it  in  a  contrary  direction  from  that  in  which 
the  weight  descends.  For  this  purpose,  the  inclined  side  of  the 
teeth  of  the  wheel  R,  fig.  490,  removes  the  click  C,  so  that 
the  ratchet-wheel,  K,  turns  while  the  wheel  D  is  at  rest  j  but 
as  soon  as  the  cord  is  wound  tip,  the  click  falls  in  between 
the  teeth  of  the  wheel  D,  and  the  right  side  of  the  teetli 
agatu  act  upon  the  end  of  tlic  click,  which  obliges  the  wheel 
D  to  turn  along  with  the  barrel,  and  the  spring  A  keeps  the 
click  between  the  teeth  of  the  ratchet-wheel  11. 

We  shall  now  explain  how  time  is  measured  by  the  pen^ 
dulum ;  and  how  the  wheel  E,  upon  the  axis  of  which  the 
minute-hand  is  fixcdj  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a  pendulum  arc  performed  in  a 
iligiter  or  longer  time  in  projx)rtion  to  the  length  of  the  pen* 


duium  itself.  A  pendulum  of  3  feet  8  J  French  lines  in  length 
makes  3,6(X)  vibrations  in  an  hour,  that  is,  each  vibration  is 
performed  in  a  second  of  time,  and  for  that  reasoti  it  is  called 
a  seconds  pendulum  ;  but  a  pendulum  of  9  inches  2\  French 
lines  makes  7/^00  vibrations  in  an  hour,  or  two  vibrations  iu 
a  second  of  time,  and  is  called  a  half^second  pendulum. 
Hence,  in  constructing  a  wheel  whose  revolution  must  be 
performed  in  a  given  time,  the  time  of  the  vibrations  of 
the  pendulum,  which  regulates  its  motion*  must  be  consi- 
dered. Supposing,  then,  that  the  pendulum  A  B  makes 
7,200  vibrationa  in  an  hour,  let  us  consid»n-  how  the  wheel  Jil 
shall  take  up  an  hour  iu  nmkiugone  revolution.  This  entirely 
dcpeodij  on  the  number  of  teeth  in  the  wheels  and  pinions. 
If  the  balance- wheel  consists  of  *^)  tectb,  it  will  turn  once  in 
the  time  that  the  pendulum  makes  60  vibrations  ;  for  at  every 
turn  of  the  wheel,  the  same  tooth  acts  once  on  the  pallet  1, 
and  once  on  the  pallet  K,  wliich  occasion's  two  separate 
vibrations  in  the  pendulum  ;  and  the  wheel  having  30  teeth, 
it  occasions  twice  30  or  GO  vibrations.  Consequently,  this 
wheel  must  perform  120  revolutions  in  an  hour,  because  60 
vibrations,  which  it  occasions  at  every  revolution,  are  con- 
tained 120  times  in  7!»200,  the  number  of  vibrations  performed 
t>y  the  pendulum  in  an  hour. 

In  order  to  determine  Oie  number  of  tceih  for  ihe  wheels  E  F,  and 
the  pinions  ef^  it  must  be  remarked,  that  one  rtvolulion  of  tlie  %vheel  E 
must  turn  the  pinion  e  ns  many  times  as  the  number  of  leeth  in  the  pinions 
ts  contained  in  the  number  of  teeth  in  the  wheel.  Thus,  if  the  wheel  E 
contains  72  teeth,  and  the  pinion  c  six,  the  pinion  will  make  12  revolutions 
in  the  time  that  the  wheel  makes  one;  for  each  tooth  of  the  wheel  driTes 
forward  a  tooth  of  the  pinion,  uiid  when  the  six  teeth  of  the  pinion  are 
moved,  a  complete  revolution  is  performed ;  but  the  wheel  E  has  by  that 
time  only  advanced  six  teeth,  and  has  still  66  lo  advance  before  its  revolu- 
tion be  completed,  which  will  occasion  11  more  revolutions  of  the  pinion. 
For  the  *ame  reason,  the  wheel  F  havinp;  60  teeth,  and  the  pinion/  six,  the 
pinion  will  make  10  revolutions  while  the  wheel  performs  one.  Now  the 
wheel  F,  being  turned  by  the  pinion  c^  mukes  12  revolution?;  for  one  of  the  ^1 
wheel  E;  and  the  piuiou  /  makes  10  revolutions  for  one  of  the  wheel  F  ;  ^| 
consenuently  the  pmionjT  performs  10  times  12,  or  120  revolutions  in  the  V| 
time  the  wheel  E  performs  one.  But  tlie  wheel  G,  which  is  turned  by  tine  ^^ 
pinion  /,  occasions  60  vibrations  in  the  pendulum  each  time  it  turn*  round ; 
consequently.  Die  wheel  G  occasions  60  times  120,  or  7,200  vibrations  of 
the  pendulum,  while  the  wheel  perlurms  one  revolution  ;  but  7,200  is  tlie 
mimber  of  vibrations  made  by  the  pendulum  in  an  hour,  and  consequently 
the  wheel  E  perforins  but  one  revolution  in  an  hour ;  and  so  of  the  rest. 

From  this  reasoning,  it  is  erisy  to  tliscover  ho\r  long  a  clock 
may  be  made  to  go  for  any  lenf^th  of  time  without  winding 
up :  1 .  by  increasing  the  number  of  teeth  in  the  wheels ; 
2.  by  ditninishing  the  number  of  teeth  in  tlic  pinions  ;  3,  by 
increasing  Ihe   length  of  cord  that   subpends  the  weight ; 
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4.  by  increasing  the  length  of  the  pendulum ;  and  5,  by 
adding  to  the  number  of  the  wbeels  and  pinions.  But,  in 
proportion  as  the  time  is  augmented,  if  tbe  weight  continues 
the  same,  the  force  which  it  communicates  to  tlie  last  wheel, 
G  Hy  will  be  diminished. 

It  only  now  remains  for  us  to  take  notice  of  the  number  of 
teeth  in  the  wheels  which  turn  the  hour  and  minute  hands. 
The  wheel  K  performs  one  revolution  in  an  hour  ;  the  wheel 
N  N,  which  is  turned  by  the  axis  of  the  wheel  £,  must  like- 
wise make  only  one  revolution  in  the  same  time  ;  and  the 
tniimtc-hand  is  fixed  to  the  socket  of  this  wheel.  Tiie  wlieel 
N  has  30  teeth,  and  acts  upon  the  wlieel  O,  which  haa  like- 
mse  30  teeth,  and  the  i^ame  diameter;  consequently  the 
wheel  O  takes  one  hour  to  a  revolution.  Now  the  wheel  O 
carries  the  pinion  p,  which  has  six  teeth,  and  which  acts  upon 
the  wlieel  gg^  of  7^  teeth  ;  consequently  the  pinion  p  makes 
12  revolutions  wliile  the  wheel  gg  makes  one,  and  of  course 
the  wheel  gg  takes  12  hours  to  one  revohition ;  mid  upon 
the  socket  of  this  wheel  the  hour-hand  is  fixed.  All  that  has 
been  here  stated  concerning  revolutions  is  equally  applicable 
to  watches  as  to  clocks. 

Clock-work,  properly  so  called,  is  that  part  of  the  move* 
ment  which  strikes  the  hours,  &c.  on  a  bell ;  in  contradia- 
linction  to  that  part  of  the  movement  of  a  clock  or  wBich 
which  is  designetf  to  measure  and  exhibit  the  lime  on  a  dial- 
plate,  imd  which  is  termed  watch-work. 

Fig.  491  represents  the  clock  part.  H  is  the  first  or  |?reat  vrheel,  mored 
hy  m««an»  of  lue  weiglil  or  sprinj?  at  the  barrel  G.  In  16  or  34  hour  clocks, 
IK»$  vkU&tX  has  usually  pin-s,  Rud  is  called  tlic  yhi-ivhtei ;  and  in  eight-day 
fkBOtt^f  the  second  wheel,  I,  is  commonly  Oie  pin-wheel,  or  striking-wheel^ 
iDid  \n  Tnnvpd  by  ihfe  forjuer.  Next  the  striking-wheel  is  tJjc  detent-whe^l, 
orlii  '.  K,  having  a  hoop  almtist  round  it,  wherein  is  a  vaciincy  at 

Mfl).'  k  kicks.     The  next  is  the  third  or  fourth  wheel,  according  to 

ili  <j!?mnr:t  uum  the  first,  called  ihe  toanaing'tcheei^  L.  The  last  i$  the 
flfing'pinion,  Q,  with  a  fly  or  fan,  to  gtilher  air,  and  so  bridle  the  rapidity 
«t  the  cJock'5  motion.  To  theae  must  be  added  tlic  pinion  of  report,  wliicn 
drife«  round  the  locking- wheel,  called  also  the  eount-wheelj  which  has,  in 
gtneral,  eleven  notches,  placed  at  unequal  distances,  to  make  the  clock 
ttrtke  the  hours. 

bteidei  the  wheels,  to  the  clock  part  belongs  the  rash  or  ratch,  which  is  a 
kind  of  wheel  with  twelve  larpe  fangs^  running  concenlrical  to  the  dial-wheel, 
and  nerving  to  \\h  up  the  detents  every  hour,  and  make  the  clock  strike; 
'ihi*  detents,  or  stops,  which  being  hfied  up  and  let  fall,  lock  and  unlock  the 
dock  in  striking ;  the  hammer,  as  S,  whicn  strikes  the  bell  H ;  the  hammer- 
l«JU»  u»  T,  by  which  the  striking-pins  draw  back  the  hammers ;  latches, 
w)i«t«by  the  work  is  lifted  up  and  unlocked ;  and  lifting- pieces,  as  P,  which 
lift  up  and  unlock  the  detents. 

Wc  ebali  now  proceed  to  give  a  description  of  an  ingenioui 
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clock,  eontrived  by  the  late  Dr.  Franklin,  of  Philadelphia, 
that  showed  the  hours,  minutes,  and  seconds,  with  only  three 
wheels  and  two  pinions  in  the  whole  moyement. 

The  dMl-ulate  of  this  clock  is  represented  by  fig.  492.  The  hours 
are  engraved  in  spiral  places,  along  two  diameters  of  a  circle,  containing 
four  times  60  minutes.  The  index  A  goes  round  in  four  hours,  and  counts 
the  minutes  from  any  hour  it  has  passed  by  to  the  next  following  hours. 
The  time  as  appears  in  the  figure  is  either  32}  minutes  past  12,  or  past  4, 
or  past  8 ;  and  so  on  in  each  <^uarter  of  the  circle,  pointing  to  the  number  of 
minutes  after  the  hours  the  radex  last  left  in  its  motion.  Now,  as  one 
can  hardly  be  four  hours  mistaken  in  estimating  the  time,  he  can  always 
tell  the  true  hour  and  minute  by  looking  at  the  clock,  from  the  time  he 
rises  till  the  time  he  goes  to  bed.  The  small  baud  B,  in  the  arch  at  top,  goei 
round  once  in  a  minute,  and  shows  the  seconds  as  in  a  common  clock. 

Fig.  493  shows  the  wheel-work  of  the  clock.  A  is  the  first  or  great 
wheel ;  it  contains  160  teeth,  goes  round  in  four  hours,  and  the  index  A 
(fig.  492)  is  put  upon  its  axis,  and  moved  round  in  the  same  time.  The 
hole  in  the  index  is  round  ;  it  is  put  tight  upon  the  round  end  of  the  axis^ 
so  as  to  be  carried  by  the  motion  of  the  wheel,  but  may  be  set  at  any  time 
to  the  proper  hour  and  minute,  without  affecting  either  the  wheel  or  its  axis. 
Thb  wneei  of  160  teeth  turns  a  pinion,  B,  of  ten  leaves  ;  and  as  10  is  but 
a  sixteenth  part  of  160,  the  pinion  goes  round  in  a  quarter  of  an  hour.  On 
the  axis  of  tnis  pinion  is  the  wheel  C  of  120  teeth ;  it  also  goes  round  in  a 
quarter  of  an  hour,  and  turns  a  pinion  D,  of  eight  leaves,  round  in  a 
minute;  for  there  are  15  minutes  in  a  quarter  of  an  hour,  and  8  times 
15  is  120.  On  the  axis  of  this  pinion  is  the  second-hand  R,  (fig.  492,  and 
also  the  common  wheel  £,  fig.  493,  of  30  teeth,  for  moving  a  pendulum  (by 
pallets)  that  vibrates  seconds,  as  in  a  common  clock. 

This  clock  is  not  designed  to  be  wound  up  by  a  winch, 
but  to  be  drawn  up  like  a  clock  that  goes  only  thirty  hours. 
For  this  purpose,  the  line  must  go  over  a  pulley  on  the  axis 
of  the  great  wheel,  as  in  a  common  thirty-hour  clock. 

One  inconvenience  attending  this  clock  is,  that  if  a  person 
wake  in  the  night,  and  look  at  the  clock,  he  may  possibly  be 
mistaken  in  the  four  hours,  in  reckoning  the  time  by  it,  as 
the  hand  cannot  be  upon  any  hour,  or  pass  by  any  hour, 
without  being  upon,  or  passing  by,  four  hours  at  the  sunie 
time.  In  order,  therefore,  to  avoid  this  inconvenience,  the 
ingenious  Mr.  Ferguson  contrived  the  following  method. 

In  fig.  494,  the  dial-plate  of  such  a  clock  is  represented  ;  in  which  tlierc 
is  an  opening, abcdf  below  the  centre.  Through  this  opening,  part  of  a  flat 
plate  appears,  on  which  the  12  hours  are  enffraveu,  and  divided  into 
quarters.  This  plate  is  contiguous  to  the  back  of  the  dial-plate,  and  turns 
round  in  12  hours ;  so  that  the  true  hour  or  part  thereof,  appears  in  the 
middle  of  the  opening,  at  the  point  of  an  index.  A,  which  is  engraved  on 
the  face  of  the  dial-plate.  B  is  the  minute-hand,  as  in  a  common  clock, 
gx>ing  round  through  all  the  60  minutes  on  the  dial  in  an  hour ;  and  in  that 
time,  the  plate  9een  through  the  opening  abed  shifts  one  hour  under  tlie 
fixt,  engraven  index  A.  By  these  means  the  hour  and  minute  may  be 
always  known  at  whatever  time  Uie  dial-plate  i?  viewed.  In  this  plate  is 
another  opening,  tfgkf  through  which  the  seconds  are  seen  on  a  fiat 
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'^  '  V  of  (he  diaUplaiv,  atjd  n$  the 

ill  own  liy  Oie  ivp  j.»oinl  of  a. 

Fig,  Ills  the  whetU  :»r)d  junHUJS  in  this  clock.     A  is  iTie  fim 

f^r.  ,,,iiiTir»s  i':>o  tt!i:ih,  and  turns  round  in  12  hours.    On 

I  he  12  hours  ubove-mentioned  are  ennruved. 
iixUf  hut  i*  only  put  tight  upon  a  round  pad 
tfacrccttt  so  iluit  ftu)"  hour,  or  purl  of  an  hour,  may  be  stt  to  the  lop  of  ihe 
fixt6  ladex  A,  fip,494,  vvitliotil  nffechng  Oie  rootion  of  the  Vrhed.     I'or  this 
|H»r|:w*e,  twelve  sraiiH  hole*  are  djilled  ihrotigh  the  plalf,  one  al  each  hour, 
iimooc:  ihe  quarter  divisions :  and  by  putting  a  pin  into  auy  hole  in  view, 
til*  V  be  set,  witlioiit  affecting  any  part  of  the  wheel-work*     Tixia 

p  \»  of  J  20  tef'Lh,  turns  a  pinion  B,  often  leaves,  round  iu  an 

km:  FiUte-hand  B,  H^.  494,  is  on  the  axis  of  this  pinion,  the 

ni'l     r  .1   being  square  but  round,  that  tljc  roinute-liarid  may  be 

tti'.:  y  Upon  ii  THrilhout  aflecling  any  [>art  of  tlie  movement. 

Or,  pinion  B  is  a  wheel  C  of  120  teeth,  turning   round  in 

U         ,       .  T  1  pinion  D,  of  six  leaves,  in  three  minutes  ;  for  three 

nwiutcA  ts  A  dit  of  «n  hour^  and  0  is  a  twentieth  part  of  120. 

iJs  Uie  axi?  n  u  is  a  wheel  E  of  90  teeth,  going  round   in  three 

nunuteSt  and    keeping  a    pendulum    in  motion  that  vibrates  seconds,  by 
|nlJftH,  .15  in  a  common  olotk,  wheic  tlie  penduliun- wheel  has  only  30  teeth, 
jiml  goes  round  in  a  minute.     Itut  as  this  wheel  goei  round  only  in  three 
miautc^,  if  Jt  l«  wantHd  to  show  the  sectjnds,  a  thm  plate  must  be  divided 
into  3  littKn  fjO,  or  180  equal  parts,  and  numbered  10,  "20,  30,  40,  50,  60; 
10,  20,  30.  40,  50,  GO;   10,  20,  30,  40,  5o,  60;  and  fixed  upon  the  same 
ii7'       '      *  I-   wheel  of  iK)  teeth,  so  near  the  back  of  t lie  dinl-plnte,  ai 
ckjI  itmnd  without  touching  it:  and  these  divisions  will  show  ilic 

•ec-..  ..  ....   iijj;h  tiie  opening^  <'/S" *  i»  ^le  diaUjplate,  as  tiiey  slide  gradually 

tMmd  below  the  point  of  ilie  fixed  Aeur-de4is  C. 

/reat  wheel  A,  and  pulley  on  its  axis,  over  whicli 
cs,  (as  in  a  common  thirty-hour  clock,)  turns  round 
onJy  once  in  twenty-four  hourg,  this  clock  will  go  a  week  with 
a  cotfl  of  common  length,  and  always  have  the  tnie  hour,  or 
part  of  that  hour,  in  sight  at  the  upper  end  of  the  fixed  index 
A  '  "  the  dial-plate. 

v>  are  two  advantages  which  Mr.  Ferguson's  clock  liaa 
Dcyuiiii  Dr.  Franklin's  :  but  it  has  two  digadvantagcs  of  which 
KiJi  rlork  is?  free.  For  in  this,  although  Uie  twelve-hour  wheel 
tur  linute  index  B,  yet  if  that  index  be  turned  by  hmid 

to  -  »  the  proper  miuute  for  any  time,  it  will  not  movti 

UiC  twelve-hour  plate  to  set  the  corresponding  part  of  the 
lioiw  even  witli  the  top  of  the  index  A ;  and  therefore,  after 
baTiiii^  set  the  minute  index  B  right  by  hand,  the  hour-plate 
mast  l>e  set  right  by  means  of  a  pin  put  into  the  snuiU  hole 
111  tite  plate  just  below  the  hour.  It  is  true  there  is  no  great 
dioulfautage  in  tliis  ;  but  the  pendulum -wheel  having  ninet}'' 
lecih  Instead  of  the  common  number  thirty,  may  probably 
nuikc  &ome  ditreretice  to  the  scapement,  on  account  of  the 
smalloess  of  the  teeth ;  and  it  is  ccrtitin  that  it  will  cause  Uie 
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pendulom-ball  to  describe  but  small  arcs  in  its  vit)ratio 
Some  men  of  science  think  small  arcs  are  bcutj  but  whe 
fore  we  know  not.  For  whether  the  ball  describes  a  large 
a  small  arL%  if  the  arc  be  nearly  cycluidid,  die  vibrations 
be  performed  in  equal  limes; ;  the  time  therefore  will  depend 
entirely  on  the  length  of  the  pendulum-rod,  not  on  the  lengtli 
of  the  arc  the  ball  describes.  The  larger  the  arc  is,  Uie 
greater  the  ni omentum  of  the  ball;  and  the  greater  the 
momentum  is,  the  leas  will  the  time  of  the  vibrations  be 
aflFected  by  any  unequal  impulse  of  the  pendulum-wheel  upon 
the  pallets. 

The  greatest  o'ojection  to  Mr,  Ferguson's  clock  is,  that 
the  weight  of  the  fiat  ring  on  which  the  seconds  are  engrav 
■will  load  tlie  pivots  of  the  axis  of  the  pendulum-wheel  wit 
great  deal  of  friction,  which  ought  by  all  possible  means 
be  avoided  ;  and  yet  one  of  these  clocks,  recently  made,  g 
very  well,  notwithstanding  the  weight  of  this  ring.  This 
objection^  however,  can  easily  be  remedied  by  leaving  it  out; 
for  seconds  are  of  very  little  use  in  common  clocks  not  made 
for  astronomical  observations;  and  table  clocks  never  ha 
them. 

Having  thus  described  this  clock,  we  shall  next  proceed  to 
give  a  description  of  a  clock^  by  the  same  ingenious  mechaniC| 
for  showing  tlie  apparent  daily  motions  of  the  sun  and  me 
the  age  and  phases  of  the  moon,  witli  the  time  of  her  coi 
to  the  meridian,  and  the  times  of  high  and  low  water,  by 
having  only  two  wheels  and  a  pinion  added  to  the  commop 
movement. 

Mr,  Fergttson*s  clock  for  exhibiting  the  apparent  daify 
motions  of  the  sun  and  moon^  and  state  of  the  tides,  Sfc, 
The  dial-plaie  of  ihis  clock  is  represented  by  fig,  49C.  li  contains  all 
the  twenty-four  hours  of  ihe  day  and  night.  S  ia  the  sun,  which  serves  as 
an  houT  index,  by  going  round  ilie  dial-plate  in  twcnly-four  hours ;  and  H 
is  the  moon,  which  goes  round  in  twenty-four  hours  fifty  minutes  and  i 
)ialf,  from  any  point  m  tlie  hour  circle  to  the  sitne  point  again^  which  ii 
equal  to  the  lime  of  the  moon's  goin^  round  in  the  heavens,  frora  tin 
meridian  of  any  place  to  the  same  meridian  again.  The  sun  is  fixed  to 
a  circular  platen  us  fig.  497,  and  carried  round  by  the  motion  of  the  plate, 
on  which  the  iwenty-four  hours  are  engraven,  and  within  them  is  a  " 
divided  mto  twenty-nine  and  a  half  equal  parts  for  the  days  of  the 
age,  accounted  from  the  time  of  any  new  moon  to  the  next  after 
each  day  stands  directly  under  the  time  (in  tlie  twenty-four  hour  circle) 
'of  tl»e  moon*s  coming  to  the  meridian,  the  twelve  under  the  sun  standing 
for  mid-day,  and  tlve  opposite  twelve  for  Aid-niKhl.  Thus,  when  the  moon 
is  eight  days  old,  she  comes  to  the  meridian  at  half  an  hour  past  six  in  the 
iifternoon  ;  and  when  she  is  sixteen  days  old,  she  comes  to  iiie  meridian  tl 
one  o'clock  m  the  morning.  The  moon  M,  fig.  496,  is  fixed  to  aofytber 
Circular  plate,  of  the  same  diameter  witli  that  whiciv  carries  the  sun;  u^ 
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tliis  moon-pUte  turns  ruunU  in  twcnl>f-four  hours  fifiy  minutes  and  a  half. 
ll  is  cul  open,  so  as  lo  show  some  of  the  hours  atid  days  of  Uie  moon's 
«ge ;  on  the  plate  below  it  that  ciirries  il»e  surt,  and  across  this  opening  at 
a  «nd  t  are  two  short  pieces  of  small  wire  iu  the  moon-pble.  The  wire  a 
thoiws  the  day  of  the  rooiui's  age,  and  time  of  her  coming  to  the  meridiau, 
ofi  the  plate  below  it  that  carries  the  sun  ;  and  the  wire  It  show*  the  time  of 
high  water  for  that  day,  on  the*  same  plate.  These  wires  must  be  placed  as 
fcir  from  one  another,  as  the  time  of  tht^  moon's  coming  to  the  raeiidiua 
ditfers  from  the  time  of  high-water  at  the  place  where  the  clock  is  intended 
to  Mrre.  At  London-bridge  it  is  high  water  wlieu  the  moon  is  two  Uoun 
md  a  half  past  the  meridian . 

Above  this  plate  that  carries  the  moon,  there  is  a  fixed  plate  N,  supported 
by  a  wire  A,  trie  upper  end  of  which  is  hxed  to  th^t  plate,  and  the  luwer 
end  is  bent  to  a  right  angle,  and  llxed  into  the  dial-plate  at  tJie  lowennosl 
or  midnight  twelve.  Tlais  plate  may  represent  the  earth,  and  the  dot  at  1^ 
Loudon,  or  any  other  place  at  whidi  the  clock  is  designed  lo  show  the 
thaes  of  hii:rh  and  low  waiter. 

Afointd  this  ptaie  is  an  elliptical  shade  upon  the  plate  that  carries  the* 
iTKion  M  :  the  hightrsl  points  of  this  shade  are  marked  High  Water  and  tltu 
lowest  poiDis  Low  Water :  as  this  plalc  turns  round  below  the  ftxed  plate  N, 
the  higii  and  low  water  points  come  successively  even  with  L,  and  stand 
Josl  fl*er  it  at  the  times  when  it  is  high  or  low  water  at  the  given  place; 
which  times  are  pointed  out  by  the  sun  S,  among  the  twenly -lour  honrs  on 
the  dial-plate:  and,  in  the  arch  of  this  plate,  above  twelve  at  noon,  is  a 
*He  H,  that  rises  and  tills  as  the  tide  does  at  the  given  place.  Thus,  v^hea 
high  water,  (suppose  at  Loudon,)  one  of  tiie  highest  points  of  the 
'  i  shade  stands  just  over  L,  and  the  tide  pl;icc  II  is  at  its  greaieirl 
and  when  it  is  low  water  at  London,  one  of  the  lowest  points  of  the 
shade  stands  over  L,  and  the  tide  [iluce  II  is  quite  down,  so  as  to 
beyond  the  dial-plate.  As  the  sun  S  goes  round  the  dial-plale 
'hours,  and  tlie  moon  M  goes  round  it  in  34  hour*  JOi  minutes,  the 
rooon  goes  so  much  slower  than  the  sun  as  only  to  make  28-i  revolutions 
m  the  time  the  sun  makes  29^ ;  and  ther<!fore  the  moon's  distance  from 
the  sun  is  continually  chanfini|;  so  that  at  whatever  time  the  sun  and 
moon  are  together,  or  in  conjunction,  in  29^  days  afterwards  they  will  be 
in  coujuiiiction  ag^ain.  Consequt^ntly  llie  plate  that  carries  the  moon  ruuves 
to  nnicli  slower  than  the  nlate  that  carries  the  sun,  as  ul\vayi>  to  make  the  wire 
a  iihift  over  one  day  of  tne  moon^s  age  on  the  sun's  plate  in  QA  hours. 

In  die  plate  that  carries  the  moon,  there  is  a  round  hole  ?h,  through  v^hjcU 
iho  phase  or  appearance  of  the  moon  is  seen  ou  the  sun's  plate,  for  every 
igf  of  the  moon  s  age  from  change  to  change.  W' ben  the  sun  and  moon 
ia  conjunction,  the  whole  space  t^n  through  the  hole  wi  i»  black  : 
the  moon  is  opposite  to  tlie  sun  (or  full)  all  that  space  is  white  ;  when 
she  is  in  either  of  her  quarters,  the  satne  space  is  lialf  black  and  half  white; 
4nd  different  in  all  other  positions,  so  as  the  white  part  may  resemble  the 
viaibk  or  enlightened  part  of  the  moon  for  every  day  of  her  age. 

To  show  these  various  appearances  of  the  moon,  tliere  is  u.  black  shaded 
Bp%oe,  iig.  497,  as  N/F//  ou  the  plate  that  carries  the  sun.  When  the  sun 
na»d  tnooo  are  in  conjunction,  tlie  whole  spnce  seen  tl'.rough  tne  round  hole 
is  blacky  as  at  N ;  when  the  moon  is  full,  opposite  to  the  sun,  all  the  space 
wen  through  the  round  hole  i*  white,  as  at  r ;  when  the  moon  is  in  her 
Hm  r^uarter^  as  at  /,  or  in  her  last  quarter,  as  at  ly  the  hole  is  otily  half 
ikfedod;  and  more  or  less  accordmgly  tor  each  position  of  tne  raoon»wilh 
r«i:ard  to  her  age ;  as  is  abundantly  plain  by  the  figure. 

•The  wliccUwork  and  tjde-work  of  this  clock  lutj  rcprestnlcd  by  fig.  49ff, 


i)  turns ; 
In  less  till 
time  ;  for  as  57  teeth  an*  to  21  hours,  so  arc  59  teet 
minutos,  very  iic»;jr]y, 

On  the  back  of  ilie  tnoon-wheel  of  50  teeth  is  fixcxl  ai 
which,  a$  it  turns  lound^  recoils  and  lets  down  a  lerer  £ 
motion  is  on  n  pin  at  F ;  and  this,  hy  means  of  &n  u|jri) 
'its  down  the  lide-plate  H,  twice  in  the  time  cf  the  m< 
^>u  meridian  to  the  meridian  a^ain.     The  upper  edge  oft 
I  II,  m  fig.  496,  and  it  moves  between  four  tudlcrs,  RBi 

IVfr.  Ferguson  stites  that  he  made  one  of  th< 
tlie  movement  of  an  old  watch  in  the  fol 
the   end  of  the  axis  of  the  first  or 
jwatch,  which  goes  round  in  four  hours,  he 
[20  teeth  to  turn  a  wheel   of  40  teeth  on  the 
liuion  C  ;  by  wltich  means,  that  pinion  turni'd 
lours,  the  wheel  A  in  24  hourfi,  and  tiic  wheel] 
*J  minutes. 

'file  writer  of  the  different  branches  of  Horol 
wlopwdia  states,  that  there  is  an  inaccuracy 
the  wheel-work  adopted  in  the  dial-work 
rhich  would  render  it  too  imperfect  to  be  used 
able  lefij^th  of  time  without  a  new  rectification, 
the  inotioDs  of  the  sun  and  moon,  or,  more  proj 
of  the  eartlt  and  moon,  were  (piite  equable,  as 
tion  supposes,   which  inaccuracy,  he   states, 
explained. 

**  As  the  pinion  of  19  drives  belli  ti>e  wheels  of  57  an.l  r>o" 
has  performed  a  revolution  in  a  solar  day,  the  h 
a  revolution,  which  it  completes  not  until  two  te* 
of  the  wheel  57  have  been  d^Wm  irapelledn  »o  tlut  in  ei 
Utile  t^oottlpao  A  of  ita>gevolution,  whicbk^  pnrt  of  a 
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j^it»,  n^!  ih9  ofJiof  *,Th  of  a  semicircle,  tupposin?:  their  t&cth  iin«l 

n>  one  aiioiher,  but  jf  Ixith  wh«'€l§  areciit  in 

cutler,  the  infrquality  will  fnU  in  the  t«^ih 

'd  acuon  of  iMit?  ofthe  U't'tli  miHl  h-^  '  ',? 

nt*d,  and  periodic  jerk*  will  be  the  d 

tni  -  '     -     '    -'    nr  watch  moTemcnt,  ou-m  m  ue 

1    had  tlie    dull  of  the   clock  at 
»»-■  '  ...  ....  v,v  ,...,  ,1  ..■.  *,..., ..ved  thesiniple  pi^-- 1--  .-"-'i  -•!  'i..^ 

^t  QDdertakc  to  ;»(Krm;  but  we  ihiuk  it  e\ 
,     tinibrly  ZA  ho  ha*;  copied  the  posJiion  vi  '  i 

tcr  of  his  clock<!.     Being  in  the  habit  oi  • 
fcr  fepre*<Tji  mo;  given  pericds  of  time  in  dock.  o 

bvre  ttirncd  our  thougnts  towards  the  improvement  oi  iliia  clui^k,  a^  well 
If  «f  father  piere*  of  mechnnisin,  so  far  as  relates  to  accuracy  ;  and  be^ 
'he  reader  the  alteration  that  ha5  occiirre*!  to  tjs,   f«r 
ore  us  more  perfect  than  it  isintliesTuteabovedeacrtbi^d. 
the  Hampton  Court  clock,  ^e  endeavoured  to  prove 
a^e  la  indicated  by  the  diflercnce  of  the  velocities  of 
...  ri...  ..,.,..  rlirection,  and  representing  lliu  sun 
■  xii  o'clock  pointy  on  each  day  50** 
„,  , .  .  ,..ijp;  day ;  but  by  Mr*  Ferguson's  cuJcu* 
iajly   rcLrogradation  is  SO"*   5*26,  and  the   difference 
iiire  day's  motion  in  a  little  more-  than  952  days  ;  or 
f  32  lunations,  as  we  have  slated.     What  therefore 
,  is  a  couple  of  divisible  numbeiB  that  shall  be  to 
a  tlie  ratio  of  24*  to  24''  50"^  473,  which  numbers,  by 
I  proce5S  become  f.imiliar  to  us  by  practice,  we  have 
,1('  l>e  ■2'3b3  :  24j1.    These  are  the  nearest  possible  numbers 
H  rrilliout  ascending  higher  in  tbe  scale  of  continual  ratios,  and 
Sle  of  reduction  into  composite  numbers  thus :  2368  taken 
|ual  to  74   x32  and  2451  =  57  x  43  ;  therefore  the  train 
ihe  wheel-work  required  ;  tbe  solar  whetl  of  74  teeili  being 
fOlve  with  a  tube  as  an  arbor  in  24  hours,  by  the  clock  move- 
impel  the  wheel  of  43  placed  on  a  stud,  or  otherwise  on  the 
frame,  at  one  side  of  it,  and  this  wheel  of  43  Diuat  hare 
,  32,  pinned  to  it,  to  impel  the  last  wheel,  57,  or  lunar 
|ii«u.e>i  on  a  solid  arbor,   concenl^cally   behind  the    tiolar   whed> 
Mr,  Fcrgusotrs  position,  and  the  dial.'!  and  other  designs  of 
ay  remain  prtcisely  as  described;  so  thai  instead  of  the 
•t-lliug  two  tineqiial  wheels  at  ouce,  we  shall  have  a  pair  of 
u».«d  to<i«eil»Gr,  one  impelled  by,  and  the  other  impeUiuLf  it* 
motion  must  be  taken  from  an  arbor  of  twelve  hours, 
>^  .»  «  Mci  of  37  to  actu»ite  the  74  in  tweniy-four  hours,  instead  of 
of  eight  hours,  as  Mr.  Ferguson  proposed ;  which  tnode  is  equally 

i  the  accuracy  of  our  calculation,  we  have  by  direct  propor- 
1  1  '  24»:  24*'  50-  4729729,  kc  :  hence  the' deviation  trom 

■illy  00O0271  of  a  minute  in  each  lunar  day,  which  will 

error  ofan  eniite  day  in  less  than   1,R62,472  such  days, 

mav  he  a<<^umed  as  no  bad  substitute  of  tlie  truth  itself;  see* 


irlock  will  nrvrr  be  pitpectcd  to  go  so  long  without  clearing  or  ilop- 


r  that  32  lunalionn  constitute  a  period  long 
jh  )■  r  Hit  (  in.  k  OI  jvi.  I  ►iijuson  to  go,  before  a  new  rectjhcalioti,  we 
kove  to  fueis^t  to  him,  that  in  Uie  space  of  a  lunar  day  there  aro  two 
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les  And  two  ebbs,  consequently  an  error  of  *tiirt«^-quarlf  rt  of  An  Immii  lai 

lunation  will  place  lh«  tide-plaie  U,  On 

four  months,  and  in  nearly  eight  mon: 

Ian  water,  and  the  reveme  in  the   nexi  '.ii-ta  MT1'IUl^^,  '*>i.icii  »^  «i,ir.  i-4j,,. . 

indispeasable  error. 

'♦Thai  the  dock-maker  may  not  beat  a  I-t"^  '>"w  f.i  miiiitf  tin*  r^m^K 

have  proposed  for  the  maccurucy  of  Mr,  1 

we  shall  conclude  our  description  of  the  c^'." 
ic  exact  dimensions  of  the  parts  proposed  lo  be  substuuled.     U 
le  wheel  of  comfnunicRtion   of  U7  teelb  at  12  per  inch,  nseaftmff'' 
iilch  line,  il?^  geometrical  diometer  <viU  be  98  or    f„V  ^^ 

^practical  diainetpr,  with  the  addendum  for  the  end*  of  th^ 
fbeel  of  74  bein^  donble  will  have  its  geometrical  dii^  i 

id  its  pmeiicsir  one  202 ;  the  fellow  of  this  Uit 
mietricri!   '  V     '  tion,  1.14» 

^t.'20  :  the  <  '  re   of  mn 

Itinar  whetU,  iuw^^  .l-,.^  ,.  .,,  ...  u..  ..>..,i  of  the  geoiu  i.  *,   iu>x<,  .a  ther' 

ro  Ifi5t  wheels,  namely,  1'96+ 1.14 -s- 2^  which  is  «=l-55;  ajmin  the  wit 
f^tt' '  --.iv'trical  radii  of  fhe  remaining   two  wT-     '  •       '   — 

I  J  1  55,  in  order  that  the  centres  of  n  I 

^v  .  -  .   .  i.i}  exactly  coincide ;  but  a  wheel  of  a  gCL.... 
1*55  X  2    or  3.10  inches  and  of  32 +  57^ or  89  teeth, 
line  teeth  per  inch,  and  the  practical  diameters  '  '  ■• 
mie,   will  be  ruspeciiTcly  1'21  and  2'1.    'Hie 
jroportiona  and  dimensions  is  given,  of  their  tH 
Ig*  498*,  whicli  needs  no  farther  explanation,  fr 
aje  so  nearly  of  a  sire  that  one  circle  reprc*ierii 
id  revolving  ^ith  a  contemporary  motion  rtmnd  » 
fatre»  going  into  the  front  plate  otthc  clock-frame,      i 
^tJ!i  deeper  into  the  teeth  of  its  fellow  than  the  4:1,  bv  ni.iAt>a  oihavuif  bi|^ 
•th  tlian  the  other,  though  the  *heel  is  of  the  iame  sb?/* 

In  the  year  1 803,  the  Society  for  the  Euco 
to.  presented  to  Mr.  John  Prior,  of  Nesst  ',  ■  . 
)\viiTd  of  thirty  guineas  on  account  of  his  contrivance 
ptrilcing  part  of  an  eight-day  clock.  As  thi»  ini 
^"icly  to  be  useful  we  shall  describe  it  here.  Jt  cokis4s 
'heel  and  fly,  with  six  turns  of  a  spiral  line,  c 
heel  for  the  purpose  of  counting  the  hours.  T  , 
this  spiral  elevate  the  hiimuier,  and  those  alyovc  iire  lor  tbe 
ise  of  the  detent.  This  single  wheel  serves  the  purpciR  vi 
count-wheel,  pin-wbeelj  tletent-wheel,  andthcl!v-wtied,flO^ 
has  six  revolutions  in  striking  the  twelve  hours.  If  wc  saptpaie 
u  train  of  wheels  und  pinions  used  in  other  striking  pml«ioh( 
made  without  error,  and  that  the  wheels  and   y-  r  -'^1 

tuni  each  otlier  without  shake  or  play,  tlien* allow 
-AUpposition  tohe  true,  (though  every  nie*  ' 
Mr,  Pvior't5  Btrikini^  part  wuvdd  be  fouiu. 
others,  in  striking  tlic  hours  I,  2,  5,  J,  10,  U  ; 
liupcrior  in  striking  4,  6,  8;  and  eighteen  tlmCij  i._  .     .  u 
U^and  12.    In  striking  2,  the  inventor  purpcwdy  lutukT 


ilil  to  llu*   Bpace  of  Uirc*'  Teeth  of  llir  wheel; 
in  Htrikintr  H,  nn  itiipcrfcction  nf  nine  or  ttn  leoth ;  and 
tuck  pcri'ecUy  correct.    The  tVu 
),  about  hLvLv  tiuica  for  eviTy  kntu  K 
the  hamuRT,  but  this  inrus  ruuiul  only  three  times  for  the 
puqiosc  :  mid  buppotic  the  pivotu  were  of  equal  dinmeter*, 
\e  iiAfluencc  of  oil  on  theiu  vvoiiUl  be  an    tlic  nmnber  of 
rrolutlons  ill  each.     It  would  he  hclter  for  clockii  if  ihey 
ire  no  warnintr  iit  all,  but  the  snail  piece  to  roine  a  weii^ht 
'    '  to  the  model  Mr,  1\  scut  for  the  inspection 

«  society. 
Tl.'  ui  \ji  this  clock  U  repre^ienlGd  iu  fig.  499. 

A,  '  iieel,  on  ih<  lace  of  vrhicli  an;  sunk  or  cut  the  six  tunis  of  it 

iml. 

fi,  ih*  >Ingle  worm  scrmvt^  which  acts  on  the  above  wheel,  and  tnovet 
ayC". 
D,  the  spiral  work  of  ihe  wheel  A.    The  black  spots  show  the  groove* 
f\,.,u  »!,,,  ,i.4r..,is  ilrop  on  strikini^  the  hour, 

vvliich  ihe  hx-kih^   piLif  F  dmps  wh«*n  ji  sirikp*  1, 
J  it  proct't'ds  to  the  omw:ird  part^  of  ihc  's|ijTftl  m  the 
ive  hounif  iiemg  ihrowii  out  by  a  litViitg  pure  H  ni  cadi  hour;  the 
ildeteiil  G  being  pumped  ofi^  with  the  locking  pi&cu  lyfromthe  pins  on 
wherl  A. 
la  »utkiog  the  hour  of  12,  the  locking  piece,  having  arrived  at  the  outer 
^      ftt  !1,  rises  up  an  inclined  plane,  and  drops  by  its  own  weight  into 
circle,  in  which  the  hour  1  is  to  be  sltuck,  and  proceeds  on  in  m 
'  Ji  the   diiierent  hour!t  till  it  conies  again  to  1*2. 

.(  in  the  common  way,  which  is  worked  by  thirteen 

uic  1J.LL-  '.'1  iin:  x^>iiul« 

500,  K,  the  thirteen  pins  on  the  face  of  the  spira1|  which  work  the 
-won^k. 

tlputer  pins  which  lock  the  detent, 
"'pump  spring  to  the  detent. 

the  fourth  century^  an  artist  named  James  Doudi  con* 
a  clock  for  the  city  of  Padua,  which  was  lon^  cnn- 
as  the  w*onder  of  the  period.     Besides  indicating  the 
it  represented  the   motiona  of  the   sun,   moon,  and 
aB  well   as    pointed  out    the   different   festivals   of 
fCMT^     On   this  account   Dondi  obtained  the  »urtmme  of 
lon>k>gio,  which  became  that  of  his  posterity.     A  short  time 
William  Zelander  constructed  for   the  &ame    city  n 
still  more  complex  ;  which  was  repaired  in  the  sixteenth 

by  Janellin  Turrianus,  the  mechanist  of  Charles  V. 

the  clocks  of  the  cathedrals  of  Strasburgh  and  of  Lyooa 

luch  more  celebrated.     That  of  Strasburgh  was  the  work 

iiad   Dayspodius,  a  mathematician  of  that  cjty,  who 

it  about  1573.      The  face  of  the  basement  of  this 

k  exhibits  three  dial-phitc* ;  one  of  which  is  round,  imd 

'"  ts  of  seviTnl  concentric  circles  t  the  two  interirii  niee  of 

2   K 
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» which  perform  their  revolutions  in  a  year,  and  serve  to  mark 
le  days  of  the  year,  the  festivi\l»,  and  other  circumstances  of 
Ibe  calendar.  The  two  lateral  dial-platea  are  square,  and 
[.Berve  to  indicate  the  eclipses  both  of  the  sun  and  the  moon. 

Above  the  middle  dial-plate,  and  in  the  attic  apace  of  the 
basement,  the  days  of  the  week  are  represented  by  different 
divinities,  supposed  to  preside  over  the  planets  from  which 
their  common  appelktiuna  are  derived.     The  divinity   of  the 
current  day  appears  in  a  car  rolling  over  the  clouds,  and  at 
midnight  retires  to  give  phice  to  the  succeeding  one.     Before 
tlie  basement  is  seen  a  globe  borne  on  the  wings  of  a  pelican^ 
around  which  tlie  sun  and  moon  revolved ;  and  which  in  that 
manner  represented  the  motion  of  these  planets,  but   thi^ 
part  of  the  machine,  as  well  as   several  others,,  has  been  de- 
ranged for  a  long  time.     The  ornamental   turret,  above  this 
basement,  exhibits  chiefly  a  large  dial  in  the  form  of  an  astro- 
labe ;  which  shows  the  annual  motion  of  the  sun  and  moon 
through  the  ecliptic,  the  hours  of  the  day,  &c.     The  phases, 
of  the  moon  are  seen  also  marked  out  on  a  particular  dial*] 
plate  above.     This  work  is  remarka!)le  also  for  a  considenibh 
assemblage  of  bells  and  figures,  which  perform  different  mo-" 
tions*     Above  the  dial- plate  last  mentioned,  for  example,  the 
four  £^es  of  man  are  represented  by  symbolical  figures:  one 
passes  every  quarter  of  an  hour,  and  marks  the  quarter  by 
striking  on  small  bells  ;  these  figures  are  followed   by  Death, 
who  is  expelled  by  Jesus  Christ  risen  from  the  grave  ;  who, 
however,  permits  it  to  sound  the  hour,  in  order  to  warn  man 
that  time  is  ou  the  winj^.     Two  small  angelti  perform  move- 
ments also;  one  striking  a  bell  ^rith  a   sceptre,  whilst  tlie 
other  turns  an  hour-glass  at  the  expiration  of  an  hour.    In  h 
the  last  place,  this  work  is  decorated  with  various  animals,  ■ 
which  emitted   sounds   similar  to  their  natural    voices ;  but 
none  of  them  remain,  except  the  cock,  which  crows  imme* 
diately  before  the  hour  strikes,  first  stretching  out  its  neck 
and  clapping  its  wings.     Indeed  it  is  to  be  regretted  that  a 
great  part  of  tliis  curious  machine  is  now  entirely  deranged* 

The  clock  of  the  cathedral  of  Lyons  ie  of  less  size  than  thai 
of  Strasburgh,  but  ia  not  inferior  to  it  in  the  variety  of  its 
movements  ;  it  has  the  advantage  also  of  being  in  a  good  con- 
dition. It  is  the  work  of  Lippius  de  Basle,  and  was  exceed- 
ingly well  repaired  in  the  last  century  by  an  ingenioub  clock-  M 
maker  of  Lyons,  nrvmed  Xourissim.  Like  that  of  Stra«bunght  | 
it  exhibits,  on  diJTerent  dial-platcis  the  annual  and  diurnal 
progre:4s  of  the  sun  and  moon,  tlie  dikva  of  the  ynar,  tbrir 
length,  and  the  whole  calendar,  civil  At  well  a«  cccleuiiMitil!. 


^e  indicated  by  eymbols  more 
J  the  cluck  is  erected  ;  the  hours  arc 
iEnnounced  by  the  crowing  of  a  cock,  three  times  repeftled,  after 
it  hiia  dripped  its  wings,  and  made  vurious  other  movementfl. 
When  the  cock  has  done  crowing,  angels  tippear,  who  by 
ptnkin£r  various  bells,  perform  the  air  of  a  hymn  ;  the  annun> 
rtalion  of  tlie  virgin  is  represented  also  by  moving  figures,  and 
.l>y  ^  '  ent   of  a  dove   from  the  clouds;  and  after  this 

^me^  exhibition  the  hour  strikes.  On  one  of  the  aide^  of 

T  L  in  seen  an  oval  dial-plute,  where  tlie   hours  and 

J  s  are  indicated  by  means  of  an  index,  which  IcngthenB 

)Dr  contractb  itself,  accordbig  to  the  length  of  the  semidiameter 
of  the  ellipsis  over  which  it  moves, 

•  A  very  curious  clock,  the  work  ot  Martinot,  a  celebrated 
idock-maker  of  the  seventeenth  century,  was  foruierly  to 
he  fieen  in  the  royal  apartments  at  Versailles.  Before  it 
plruck  the  hour,  two  cocks  on  the  corner  of  a  Hmall  editice 
crowed  idternately,  clapping  their  wings  ;  soon  after,  two 
lateral  doors  of  the  edifice  opened,  at  which  apptured  two 
Kgnrea  bearing  cymbals,  beat  upon  by  a  kind  of  guards  with 
fclubs.  When  these  figuren  had  retired,  the  centre  door  wati 
throwTTopen,  and  a  pedestal,  supporting  an  equestrian  statue 
tof  Louis  XJV\,  issued  from  it,  while  a  group  of  clouds  separat- 

6»g,  gave  a  passage  to  a  figure  of  Fame,  whicli  came  and 
overetl  over  the  statue.  An  air  was  then  performed  by  bells  ; 
ffiter  which  the  two  figures  reentered,  the  two  guards  raised 
lip  their  clubs,  which  they  bad  lowered  as  if  out  of  respect  to 
the  presence  of  the  king,  and  the  hour  was  then  struck, 
r  While,  however,  we  have  thought  it  right  to  describe  these 
ingi-'nioua  performances  of  foreign  artists,  we  must  not  neglect 
'  mention  the  equally  ingenious  workmanship  of  some  ot  our 
ij  countrymen.  VVe  now  refer  to  two  clocks  made  by 
T  '  istb,  as  a  present  from  the  East  India  Company  to 
1  r  of  China.     These  two  clocks  are  in   the  form  of 

Us  in  each  of  which  a  lady  is  placed  in  a  fine  attitude, 
ing  her  right  hand  upon  a  part  of  the  chariot,  under  whicli 
m  :x  clock  of  curious  workmanship,  little  larger  tlian  a 
illiiig,  wliich  strikes  and  repeats,  and  goes  for  eight  days. 
Uwm  the  lady's  fiiiger  stts  a  bird,  finely  modelled  and  f»et 
ymh  ■*  ids  and  rubies,  with  its  wings  expanded  in  a  flying 
pofc".  which  actually  flutters  for  a  considerable  time  by 

tgttchio^  a  diamond  button  below  it ;  the  body  of  the  bird,  in 
wfuMch  are  contained  the  wheels  that  animate  it  as  it  were,  10 
ihwi  the  16th  part  of  an  inch.  Tlie  lady  holdt  in  her 
2k  2 
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left  band  a  golden  tube,  little  thicker  than  a  large  pin,  on 
the  top  of  which  is  a  small  round  box,  to  which  is  fixed  a 
circular  ornament  not  larger  than  a  sixpence,  set  with  dia- 
monds, which  goes  round  in  or  near  three  hours  in  constant 
regular  motion.  Over  the  lady's  head  is  a  double  umbrella, 
supported  by  a  small  fluted  pillar  the  size  of  a  quill,  and 
under  the  larger  of  which  a  bell  is  fixed,  at  a  consider- 
able distance  from  the  clock,  with  which  it  seems  to  have 
no  connection,  but  from  which  a  communication  is  secretly 
conveyed  to  a  hammer  that  regularly  strikes  the  hour,  and 
repeats  the  same  at  pleasure,  by  touching  a  diamond  button 
fixed  to  the  clock  below.  At  the  feet  of  the  lady  is  a  golden 
dog. 

In  a  work  like  the  present,  however  we  may  wish  to  pursue 
this  interesting  subject  through  its  progressive  steps  of  im- 
provement, and  to  do  justice  to  the  numerous  scientific  and 
ingenious  men  who  have  from  time  to  time  effected  those 
improvements,  we  are  compelled  to  confine  ourselves  within 
certain  limits,  which  preclude  us  from  entering  more  fully 
into  detail  in  this  article ;  we  therefore  refer  such  of  our 
readers,  who  wish  to  pursue  the  subject,  to  the  catalogue  of 
writings  in  Dr.  Young's  Natural  Philosophy. 

VVe  shall  next  proceed  to  give  a  description  of  the  mecha- 
nism of  an  ordinary  watch,  and  to  annex  thereto  a  useful  set 
of  tables,  published  originally  by  Mr.  W.  Stirt. 

WATCHES, 

Figure  501  represents  the  interior  works  of  an  ordinary  watch  with  the 
crown-wheel  escapement,  as  they  remain  on  the  pillar-plate  when  the  upper 
part  of  the  frame,  shown  by  fig.  505,  is  unpinned  and  removed  ;  and  fig,  502, 
which  is  a  section  of  tlie  whole  frame  and  its  contents,  shows  the  connection 
of  all  the  parts,  as  though  the  calliper  were  in  one  right  line.  These  two 
figures,  by  having  the  same  letters  of  reference,  mutually  explain  each  other. 
The  mahispring  which  actuates  aH  the  wheels  and  pinions,  that  are  called, 
in  one  general  term,  the  movement,  is  contained  in  the  circular  box  a,  seen 
in  the  different  views  in  the  separate  figs.  501,  502,  and  508,  in  the  last  of 
which  its  parts  are  given  in  a  detached  state,  viz.  the  box ;  the  relaxed  spring 
immediately  above  lying  in  a  spiral  form ;  the  arbor  with  its  pin,  on  which 
the  interior  end  of  the  spring  is  hooked,  and  the  lid  through  which  the 
pivot  of  the  arbor  penetrates;  this  spring  is  forced  into  the  box  by  a  tool  on 
purpose  when  it  is  strong ;  and  then  the  exterior  end  is  hooked  to  a  pin  in 
the  circular  edge  of  the  box,  so  that  if  the  box  is  made  to  turn  round  while 
the  arbor  is  held  fast,  the  sprincr  begins  to  coil  at  the  centre,  and  is  thereby 
said  to  be  wound  up.  Tlie  same  effect  would  be  produced  if  the  box  were 
held  fast,  and  the  arbor  only  were  turned  ;  but  in  the  latter  case  the  chain, 
which  requires  to  be  uncoiled  from  the  spring-box  as  this  spring  is  wound  up, 
would  remain  unmoved ;  it  is  necessary  therefore  that  the  box  be  turned 
while  the  arbor  is  at  rest,  which  is  thus  effected :  one  end  of  the  chain  is 
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made  fast  to  the  tide  of  the  »pring*box,  and  tlie  other  to  the  fusee*,  after 
being  ci>iled  several  timts  lound  lite  circumference  of  tlie  box  ;  then  a&  ilte 
•quaie  end  of  the  spring-box  arbor  is  held  by  the  smaM  ratchet  aud  click 
c,  teen  on  the  reversed  llice  of  the  pillar-plate  in  hg.  507 f  no  iltai  it  cannot 
revolve,  it  is  obvious  that  inserting  a  key  on  the  square  of  the  fusee  utbor, 
and  turning  it  in  a  proper  direction,  will  wind  the  chain  upon  the  spiral 
groove  of  the  fuset,  while  it  is  unwound  from  the  box;  and  durmij;  this 
operation,  the  spring  will  be  coiled  up  lo  the  centre  of  the  box,  or  put  mto  its 
ftate  of  greatest  tension  for  pulling  the  fusee  back  again.  The  rupul  motion 
which  the  fusee  would  have  in  a  retroE;rade  direction  when  pulled  by  ilio 
whote  force  of  the  coiled  spring,  is  prevented  by  the  train  of  wheel-work  iind 
balance,  thus  :  the  greut  wlioe!  d  is  not  fast  to  ihe  thick  end  of  the  fusee,  as 
appears  in  the  drawings,  but  carries  a  click  and  click-spring  z,  ax  seen  in 
fig.  503^  while  the  ratchet-wheel,  seen  in  fig.  504,  is  made  f-i^t  to  tik'  fusee  ; 
the  consequence  of  which  contrivance  is,  that  while  a  key  applied  to  the 
fusee  arbor  winds  up  the  watch  and  fills  the  fusee  groove  with  the  chnin, 
until  the  guard  driven  by  it  catches  the  beak  at  the  small  end  of  the  fusee,  the 
click,  in  hg»  ,^)03,  slides  over  the  teeth  of  I  he  ratchet  in  fig.  504,  without  acting 
on  ihein,  and  thus  leaves  the  great  wlitel  dm  rest,  in  connection  with  the 
pinion  e  on  the  centre  or  minute  wheel  arbor ;  but  when  the  spring  acta  on 
Uie  fusee  in  a  contrary  direction,  the  click  ;ittached  to  the  great  wheel  In 
laid  hold  uf  by  the  teeth  of  the  ratchet,  which  thus  makes  it  fast  to  the  end 
of  the  fusee;  or  iin  other  words,  until  the  spring  wants  winding  up  again, 
which  u^nally  happens  once  in  28  or  ao  hours;  but  it  i*i  commonly  wound 
up  once  in  24  hours  more  or  less.  The  action  of  the  great  wheel  rf,  on  the 
pinion  tf,  is  that  of  a  long  lever  driving  a  short  one;  or  this  wheel  may  be 
said  to  act  under  a  mechanical  disadvantage,  when  an  iticrease  of  velocity, 
but  a  loss  uf  power,  is  experienced  by  the  piqion ;  again*  on  the  tame  cen- 
tral arhor  of  this  pinion  e  is  rivelted  the  centre  wheel/,  which  revolve*  in  an 
t«act  hoi»r,  ns  we  shall  see  presently,  and  thi;*  wheel  drives  the  pinion  g^ 
on  the  arbor  of  the  third  wheel  A,  also  with  a  iuechanical  dtsiidvantage,  for 
tile  force  It  imparts  to  the  pinion  J,  on  the  arbor  of  the  contrate  wheel,  is 
a;^Q  diminished  in  the  nttio  of  the  diameter  of  the  wheel  to  that  of  its 
pinion  ;  thus  the  force  of  the  mRinspring  b  contiuuaUy  diminishing,  as  it  ia 
transmitted  through  the  train,  and  when  the  contrate  wheel  conies  to  1>e 
mted,  it  haA  just  force  enough  to  drive  the  horizontal  pinion  on  the 
ince  wheel  f,  so  that  the  aliernate  impulse  given  by  its  teeth  to  the  pul- 
lets of  the  balance  verge  arc  just  sufficient  to  perpetuate  the  o^cilldttou  fri^ni 
ngUt  to  left,  under  all  the  obstacle*  of  faction,  dirt,  wi-.ir,  and  the  air's 
resisiiiiice.    It  is  a  curious  fiictthai  ilic  cr«wn-whn  "  nt,  though  the 

oldest  thut  we  know  of,  is  ^till  the  moiit  m  use  in  c-  \ikn^  probuhly 

itfac  ^ility  with  whicti  it  is  constructed  ;  fuT  r  cri,iiiiiy  n  is  more  under 
of  the  irregularities  of  tlte  mainspnngs  furce   tlmn  ;iny  ofhtT 
tnent,    Tlte  propertjen   and   actum  of  ihi"  -r  «,.,,„,,.(    K  .v..   Vh-cu 
iQinutely  explained  in  page  ol6  of  the  article  Kx<  nee 

lo  fig,   523,   to   which   explanation   and  figure   v  ,  Jer'k 

ittenlion. 

In  order  that  the  force  applied  to  pallets  of  tlie  verge  nt 
each  oscillation  may  not  sensibly  vary,  it  wns  found  neceasary 
to  ctjualize,  as  much  us  pos«ible,  the  vitriuble  forces  of  the 
tnaliitspring'  In  iti»  di^erent  statet<  of  teii^iiiii ;  and  the  moHt 
pmctieal  way  of  doing  this  has  been  found,  to  convert  the 

rHndcr  on  the  arbor  of  the  great  wheel,  wliich  would  havi 
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been  proper  for  a  gravitating  body,  used  as  a  maintaining 
po\^er,  into  a  figure  of  a  parabolic  forrei,  that  is,  Into  a  solid, 
generated  by  the  revolution  of  a  parabola^  in  order  that,  as 
the  force  of  the  spring  becomea  grt^ater  by  increased  tension, 
its  action  on  the  great  wheel  might  be  lejisened  in  a  similar 
proportion,  by  a  gradual  decrease  of  the  radius  of  the  fusee, 
round  which  the  chain  h  wound,  to  impart  the  force  thus 
niodifrcd.  Every  separate  spring,  therefore,  had  not  only  its 
average  force  proportioned  to  the  balance  it  ifl  destined  to 
actuate,  when  dimiiiished  by  transmission  through  a  giveu 
train,  but  requires  its  »cale  of  varying  forces  to  be  nicely 
counteracted  in  every  degree  of  tension  hy  the  shape  of  the 
fusee  ;  and  this  is  done  by  means  of  a  tool,  called  a  fusee  ad- 
j uniting  tool,  which  is  nothing  more  than  a  lever  with  a  sliding 
weight,  attached  to  the  square  end  of  the  fuijee  arbor,  as  re- 
presented in  fig.  509;  for  when  the  weight  on  the  lever  is 
an  exact  counterpoise  to  the  force  of  the  mainspring  in  every 
part  of  the  successive  revolutions  of  the  fusee,  as  the  spring  is 
wound  up  by  the  lever  instead  of  a  key,  then  the  shape  of  the 
fusee  is  proper,  but  not  otherwise.  Hence,  whenever  a  new 
mahispring  is  put  to  a  watch,  the  fusee  ought  to  be  adjusted 
in  the  fusee  engine  according  as  the  adjusting  tool  determines* 

The  comparative  forces  of  the  spring  at  the  extreme  ends 
of  the  fusee  may  be  adjusted  by  the  small  ratchet  f,  on  the 
back  of  the  pi  liar-plate  in  fig.  507,  but  when  the  spring  is  put 
to  a  suitable  degree  of  tension  to  act  well  at  both  extremitiea 
of  the  fusee,  it  must  not  be  altered  by  the  ratches*  click,  but 
the  intermediate  forces  must  be  equalized  by  a  doe  shape 
given  to  the  fusee.  We  have  insisted  the  nujre  on  this  part 
of  the  mechanism  being  attended  to,  because,  as  the  primum 
mobile^  it  is  the  basis  of  all  other  motions*  The  number  of 
rounds  that  the  spiral  of  the  parabolic  fusee  may  be  cut  into 
depends  on  the  length  of  the  pillars  of  the  frame,  or,  which  is 
the  same  thing,  the  shallowness  of  the  watch.  The  French 
frequently  leave  out  the  fusee,  and  attempt  to  e*iualize  the 
forces  of  the  mainspring  by  t<ipcring  it ;  and  with  detached 
escapements,  this  mode  may  sometimes  answer  tolerably,  but 
with  the  cro^TO- wheel  escapement  a  fusee  is  indispensable. 
Again,  the  number  of  teeth  in  the  great  wheel,  and  in  the  centre 
pinion,  depends  on  the  number  of  rounds  in  the  spiral  of  the 
fusee. 

In  a  thirty-liours*  ifftitch,  with  six  turns  of  the  fusee,  the  ^rcat  wheel  must 
hufe  V  or  five  timcsi  as  many  teeth  n.5  the  ceiUn?  p^n?on ;  so  \\\^x  W  rliis  has 
six  leaves,  the  wheel  must  have  5  x  6  =^  30  teeth  ;  but  if  cis;ht»  iheti  5  ><  B  "  40; 
if  the  spiral  hu  seven  turnu,  the  great  wheul  4fl,  and  Ihe  pituon  Xi,  iJiew  tbf 
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of  foing  will  be  ?}  x  7  =-28  hoars ;  also,  tf  thete  be  5^  turns  on  ih< 

50  te«th  L£)  ilie  ^heeli  Bod  10  l«ar»s  in  the  piuioD,  the  penod  of 

will  be  27}  houni,  or  ^  x5f -5  m  5|'«27§;  but   if  24  bours  ooly 

[uired  us  the  pcTiod,  with  six  lunis  and  a  phaon  of  12,  the  grett 

^autd  be  rc<iuired  to  have  4ft, 

Thus  when  an  alteration  is  made  in  cither  the  pinion,  the 

irc!,  or  the  turns  in  the  fusee,  a  corresponding  variation 

my  he  made  in  the  others,  to  produce  the  fiame  period  of 

ling,  but  still  the  centre  wljeel  revolves  once  in  an  hour. 

the  eomiiionest  watclies  the  pinions  haTe  only  six  leatcj* 

^h,  which  do  not  iict  so  well  as  pinions  of  higher  numbers  ; 

li^in  the  be^t  watches,  and  in  all  clironometers,  the  leaves 

!lh  aae  more   nunieroua.     The  pivot^holet^,  particularly 

retge  and  escapement  arbor,  have  jewels  for  lite   piir- 

of  diminishing  the  friction,  in  the  best  watches  ;  hitt  de- 

■hcd  and  remontoire  escapements  are  the  best  correctives  of 

le  unecpal  impulses  given  through  the  :nedium  of  the  train 

the  diB'erent  states  of  its  fouiue«s. 
[UlC  polfiiw  m,  ami  smalt  or  counter  potMice  »,  that  bold  ibe  pivots  of 
-fibeei,  are  small  cocks  seen  in  fig.  502,  both  in  their  attached 
states,  and  are  screwed  to  the  top  or  upper  plale  within  the 
the  springs,  buttons,  and  joints  of  the  case,  are  noi  exhibited, 
Ing  00  pan  of  the  raovement.  Fig.  505  represents  the  outer  face  of 
n'""  with  the  balance p^  the  cock  o,  and  balance-eprinp^ #,  called 
ring,  from  its  having  the  properties  of  the  pendulum;  by 
,  ling,  not  only  is  the  regulation  made  steady,  but  the  adjust- 
srnt  for  uroe  i»  effected.  In  every  balance-sprincf  there  is  a  certain  length, 
kw  taken  as  the  effective  lengthy  by  which  the  going  of  the  watch  to 
ii  is  applied  is  limited  to  enact  performance ;  and  when  this  ten^h 
iiaed  by  experiment,  a  pin  is  put  in  the  stud  that  holds  the  exterior 
at  4,  in  fig,  505,  to  prevent  its  being  altered  ;  but  as  the  variation 
lure  wilt  alter  the  momentum  of  the  moving-balance,  the  effect 
produced  is  a  loss  of  time  in  the  rate,  in  hot  weather,  and  a  gain 
weather,  by  an  alternate  increase  and  decrease  in  the  dimensions  of 
ice  itself,  as  well  as  by  some  alteration  in  the  spring.  To  remedy 
in  an  ordinary  watch,  the  contrivance  shown  in  fig.  506  is  intro- 
the  wheel  t  is  placed  uoder  the  graduated  circle  r,  seen  in  fig.  605, 
ircolar  rack  u,  bg.  506,  that  holds  the  curb  or  slit-piece  5,  seen  in 
I,  IS  moved  by  a  sliding  motion  given  to  it,  when  a  key  is  applied 
juared  arbor  of  the  figure  circle,  and  thus  the  effective  length  of  ibe 
iring  14  limited  by  the  position  of  the  curb  5;  and  according  as  th« 
turned  forwards  or  backwards,  towards  the  words  *faat'  or  *  slow' 
ived  on  the  cock,  the  shortened  or  lengthened  spring  alters  the  rate  of 
Trig,  till  the  proper  length  is  found  that  suits  the  season  in  question, 

111  Harrison's  time-piece  the  curb  was  moved  by  an  expan- 
t>lever  of  two  metals,  that  acted  by  means  of  the  change 
kpcrature  ;  but  in  the  best  chronometers  of  more  recent 
the  compensating  levers  constitute  the  three  portions 
rUch  the  rim  of  the  balance  is  divided^  and  the  sdju9t- 
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ment  for  timc^  as  well  as  compensation  for  temperature,  are 
by  means  of  heavy  screws,  which  form  a  part  of  the  moving 
bakace.  lu  these  more  perfect  machines,  the  length  of  the 
spring,  which  is  now  made  helical  or  cylindrical,  is  first 
determined  such,  that  the  long  and  short  vibrations  are  per- 
formed in  the  same  time,  and  this  is  called  the  isochronal 
lengths,  which  is  not  afterwards  altered  by  subsequent  adjust- 
ments. 

The  last  portion  of  the  watch  which  demands  our  explanation  is  the  dial- 
work,  for  producing  the  hours  and  minutes ;  this  will  oe  easily  understood 
b^  reference  to  figs.  502  and  507.  When  the  pinion  called  tlie  cannon- 
pmion,  .«een  near  the  minute-hand  in  fig.  502,  is  inserted  on  the  arbor  of 
the  hour  or  centre  wheel,  to  which  it  fits  rather  tight  by  friction,  it  revolves 
therewith  in  an  hour,  and  receives  the  minute  or  hour  hand  on  its  protrudini^ 
squared  end ;  then  this  pinion  drives  the  wheel  x  round  a  stud  on  the  pillar- 
plate,  and  with  it  a  pinion  \o  made  fast  to  its  centre ;  which  pinion  again 
drives  a  second  wheel,  t;,  round  the  tube  of  the  cannon-pinion  in  twelve 
hours ;  and  to  this  the  hour-hand  is  attached.  This  diminution  of  twelve 
revolutions  from  the  cannon-pinion  to  the  hour-wheel  might  be  effected  by 
one  pinion  driving  a  single  wheel  of  twelve  times  its  number  of  teeth ;  but 
as  the  motion  must  be  brought  back  to  the  centre  of  the  dial  again,  two 
more  wheels,  or  a  wheel  and  pinion,  are  necessary  to  be  introduced,  and 
these  are  therefore  made  a  part  of  the  train,  and  no  large  wheel  or  small 
pinion  is  wanted,  for  the  ratio  12 ;  1  may  be  more  conveniently  obtained 
by  two  factors,  mz.  4  :  1  and  3 :  1 ;  thus,  suppose  the  cannon-pinion 
to  have   15  leaves,    its   wheel  may   have  4x15 —60  teeth  for  wheel  x, 

and  if  wheel  o  be  the  same,  its  pinion  will  be  —  =  20,  and  the  train 


60      60 
"15"^  20 


72        60       12 


or  12  ;  so  that  when  the  pinions  nre  fixed 


360 

"30  ""6    "51 
upon  for  the  dial-work,  the  wheels  are  readily  determined,  and  vice  versa. 

The  following  Tables,  somewhat  differently  arrani^ed,  were 
published  by  W.  Stirt,  an  ingenious  balance-wheel  aiul  fiiscc 
cutter. 


A  TABLE  OF  TRAINS  FOR  WATCHES; 

Showing  the  Nvunber  of  Turns  on  the  Fusgc  and  Tcrth  in  thr  B:';'nce- 
wheel,  with  the  Beats  in  an  Hour,  and  the  number  of  Seconds  m  w  hich 
the  Qontrate  or  Fourth  Wheel  revolves;  for  the  ea«;y  Timing  of  W'Htchc* 
by  the  Vibrations  of  the  Pendulum. 


9  Teeth  in  the  Balance-wheel 

Second  wheel  .SS  6  Third  wheel  pin. 
Third  wheel  56  6  Contratc  pin. .. 
Contrate  wheel  54  6  Balance  pin.  . . 

Beats  14,616  in  an  hour 

Seconds  39-^,  in  which  the  4th  1 
j          wheel  revolves / 

60  8 

56  7 

80  6 

14,400 

60 

60  6 

.53  6 

52  6 

15,080 

37f 

60  6 
58  6 
56  6 
16,210 

37i 

60  6 
(10  G 
51  6 
16,200 

36 

60  6 

(>0  a 

60  6 

18,000 

36 

64  6 
60  6 
54  6 
17,280 

33* 

64 
60 
80 

6( 
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A  Tabix  of  Trains  fob  Waiciii:s  contintted. 
1 1  Teeth  in  the  Iiaiance-ivk4fei* 


Seoood  whrd    48  6    Third  wlied  pinion 

54  6      54  6 

56  7 

56  6 

56  6 

Third  wbee^      4h  6    Co  titrate  pioion 

45  6  !  50  6 

45  6 

54  6 

56  6 

f    Contrmte  whet-l  70  6    Balam-c  pinion    

65  6 

60  6 

78  6 

54  6 

55  6 

1       Beato  l!i»400  in  an  hour 

16  087 

16,500 
49 

17  160 

16,632 
421 

17.567 
4I| 

1       Seconds  60,  in  which  the  4th  wheel  rerolret 

^ 

60 

1   h%  6 

5S  6 

58  6 

5B  6 

58  7 

60  6 

60  6 

60  6 

60  6 

60  6 

60  6 

52  6 

54  a 

54  6 

5()  6 

56  6 

50  6 

52  6  1 

54  6 

51  6 

54  6 

55  6 

1  n  6 

52  fJ 

54  6 

54  6 

56  6 

52  6 

52  6 

50  6 

52  6 

54  6 

52  6 

H5^3 

16,58B 

I7,22f; 

17.817 

I5,87i? 

15,888 

I6,521J' 

16,500 

17.160 

I7,BJ0 

17,477 

1  *H 

^U 

4H 

3y| 

a^i 

43 

4li 

40 

40 

40 

3y 

60  ti 

60  7 

HQ  B 

60  8 

60  6 

60  8 

60  7 

62  <J 

62  7 

63  6 

63  6 

,  U  « 

5(;  G 

5<;  7 

56  7 

CO  6 

60  6 

60  7 

54  6 

58  6 

54  6 

56  - 

50  6 

56  6 

T4  11 

78  6 

48  6 

56  6 

60  6 

52  6      52  6 

50  6 

56  6 

if  Mi 

iM3<i 

16,280 

17,160 

17.553 

15,400 

16J63 

17.935 

16,324 

17,325 

17,24» 

m 

40 

60 

60 

36 

48 

49 

38t 

45 

38 

421 

S4  6 

64  6 

65  7 

70  8 

70  7  ' 

72  8 

72  7 

80  8 

75  10 

72  £> 

73  9 

SO  6 

52  6 

62  7 

54  7 

63  7 

63  7 

61   7 

72  8 

72    3 

66  8 

60  8 

SO  6 

1^2  ti 

5y  7 

68  6 

58  7 

54  6 

58  7 

68  8 

66    8 

60  6 

54  6 

\€;m 

l7,0-2h 

13,250 

16,830 

16.408 

16,035 

17,M2   16,830 

13,200   13.200 

11.880 

m 

39 

431 

5.3i 

40 

444 

38iJ         40 

60          6G 

60 

13  Teeth  in 

tht!  Bnkiuwwhi'tl, 

Secno'l  frhcirl    48  6    Tliird  wheel  pinions   . . 

Third  wheel      45  6    Contrnte  pinion 

Contratc  whi*el  66  6    Bftlnncc  pliiion 

48  6 

52  6 

54  6 

54  6 

54  6 

45  6 

52  6 

50  6 

52  6 

52  6 

68  6 

52  6 

50  6 

48  6 

50  6 

17.680 

60 

16,925 
46* 

16,274 
18 

16,224 

lfi,900 
46 

Seconds  60,  in  wliicli  the  4th  wheel  rcrolre* 

46 

54  6      54  6 

55  6 

56  7 

56  6 

56  6  [ 

56  6 

56  6 

56  6 

58  6 

58  6 

V  f,      .vi  6 

51   6 

45  6 

50  6 

50  6 

52  6 

62  6 

54  6 

48  6 

50  6 

i  6 

51  6 

rie  6  ■ 

50  6 

51  6 

4H  6 

:s  6 

49  6 

52  6 

50  6 

,  ,.*>76 

I7.2li» 

17,160 ; 

16.H51 

17,188 

16,824 

17,525 

17,fl36 

17,425 

17,453 

iu     1     4i> 

46| 

60 

46§ 

m 

44i 

44* 

42^ 

m 

44| 

60  6 

«M)  8 

(iO  6 

60  6 

60  7 

60  6 

60  7 

60  8 

60  7  ' 

60  8 

(iO  6 

48  6 

18  6 

oO  »i 

50  ei 

54  6 

54  8 

56  7 

56  7 

58  7 

5H  6 

60  7 

ft  6 

1.6  6 

46  6 

48  6 

52  6 

60  6 

56  6 

66  6 

56  6 

56  6 

4B  6 

l<.',64n 

17.161) 

16.611 

17.333 

17,382 

17.550 

16.640 

17,160 

17,234 

17.593; 

17,828 

4:> 

60 

43 

43 

46|| 

54 

52i 

60 

50| 

m  1 

42 

70  fl 

60  8 

60  6 

62  7 

ft3  7 

63  7 

64  7 

64  7 

64  8 

64  B 

65  7 

■  fSO  6 

60  7 

56  7  ! 

52  6 

60  7 

52  6 

60  7 

60  8 

61  8 

62  7 

liO  7 

■  m6 

56  7 

56  6 

51  6 

60  7 

50  6 

60  7 

66  <; 

72  7 

58  7 

52  6 

■17.550 

17,828 

17,11*4 

17,238 

17,i9t 

17.168 

17,464 

17,160 

17.115 

17.717  16,900 

1 

48 

42 

50i 

46i 

46| 

46 

45f 

60 

564 

434        48 

70  8 

72  8 

72  8 

74  8 

74  8 

75  10 

75  10 

80  10 

96  12 

96  12 

90  10 

■ 

^i  8 

52  6 

70  8 

64  8 

68  8 

72    1* 

72    !l 

60    8 

75  10 

75  10 

90  10 

&4  7 

52  6 

tm  8 

«3  7 

68  8 

70    7 

72    fl 

60    8 

80    8 

88    8 

90  10 

17,160 

6.673 

17.103 

17.316 

17,400 

15,600 

I2  4ft0 

15,600 

15,600 

I7J60 

18.951 

W 

Ui 

524 

48| 

60 

60 

fi'D 

60 

60 

60 

4<* 

I 
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A  Table  op  Thains  ttt,  WATCHsa  antthmed, 
15  Tetth  in  tk&  BiOuufMifheei. 


S«ebnd  whfed   48  6  ThM  wheel  pmioa. .. . 

48  6 

48  6 

54  6 

54  6 

54  6 

llird  wlifed      45  6   Contnte  piidon  ....:. 

45  6 

45  6 

48  6 

48  6 

48  6 

CbntrAtewiwel  64  6  Balance  pinion  .,»..., 

58  6 

60  6 

46  6 

48  6 

648 

Beats  16,200  In  an  hour ;.;... 

17,400 
60 

18,000 
60 

16,560 

17,280 
50 

17,280 

Seconds  60,  in  which  the  4th  wheel  rerolrea 

50 

50 

54  6 

56  7 

56  7 

56  7 

56  6 

56  7 

58  6 

58  6 

60  8 

60  8 

60  8 

50  6 

45  6 

45  6 

45  6 

48  6 

60  8 

48  6 

60  8 

48  6 

48  6 

56  7 

48  6 

66  6 

58  6 

60  6 

46  6 

60  6 

46  6 

68  6 

58  6 

60  6 

48  6 

18,000. 

16.800 

17.400 

18.000 

17,173 

18.000 

17,786 

17.520 

17,400 

18,000 

14,4MI 

48 

60 

60 

60     '     46 

00 

46* 

594 

60 

60 

60 

60  8 

60  7 

60  8 

60  8 

60  8 

60  6 

60    6 

60  6 

60    6 

60  10 

60    6 

56  7 

56  7 

56  7 

56  7 

56  7 

60  8 

60  10 

60  8 

60  10 

60    6 

60  10 

56  7 

58  7 

58  6 

60  6 

60  7 

48  6 

48    6 

56  7 

58    6 

60    6 

64   8 

14,400 

17,044 

17,400 

18,000 

15,386 

18,000 

14,400 

18.000 

17,400 

18,000 

14,400 

60 

52* 

60 

60 

60 

48 

60 

48 

60 

60 

60 

60  8 

60  8 

62  8 

63  7 

63  7 

64  8 

64  8 

64  8 

64    6 

65  7 

70   6 

64  8 

64  8 

60  8 

54  7 

56  7 

45  6 

60  8 

60  8 

60  10 

56  7 

6<rio 

66  7 

70  7 

60  6 

50  6 

56  7 

56  6 

58  6 

60  6 

70    8 

56  7 

48   6 

16,971 

18,000 

17.437 

17356 

17,280 

16,800 

17,400 

18,000 

16,800 

17,828 

163M 

60 

60 

61| 

51* 

50 

60 

60 

60 

56i 

48i 

«* 

70    7 

70  8 

70  8 

70  10 

72    6 

72  8 

72  8 

72  8 

72  8 

75  8 

81  9 

60  10 

64  8 

64  8 

65    8 

60  10 

64  8 

64  8 

64  8 

65  8 

64  8 

72  9 

70    7 

50  6 

58  7 

60    6 

48    6 

50  6 

54  7 

64  8 

64  8 

64  8 

72  9 

18,000 

17,500 

17,400 

17,062 

17,280 

18,000 

16,662 

17,280 

17,550 

18.000 

17,280 

60 

51^ 

5U 

561 

50 

50 

50 

50 

4V 

48 

50 

17  Teeth  in  the  Balance-wheel 

Second  wheel    48  6    Third  wheel  pinion  . . . 

56  7 

60  6 

64  8 

TTiird  wheel      45  6    Contrate  pinion   

45  6 

56  7 

60  8 

Contrate  wheel  50  6    Balance  pinion    

53  6 

52  6 

60  7 

Beats  1 7.000  in  an  hour 

18,020 
60 

17,828 
60 

17,485 
60 

SecondB  60,  in  which  the  4th  wheel  revolves 

O.W.     S.W.P.  T.N.  8. 

O.W.     S.W.P.  T.N.  8. 

o.w. 

S.W.  f. 

T.H.S. 

48        10        H 

60        10        5 

55 

12 

^ 

SO         10        6 

62         10        4 

66 

12 

^ 

52        10        5| 

64         10         4 

58 

12 

54        10        5f 

48         12        7i 

60 

12 

6 

55  10        5A- 

56  :}       5^ 

60        12        7 

62 

12 

^f 

52         12        6  1 

64 

12 

58        10        5i 

54         12        6| 

If  we  divide  double  the  product  of  all  the  four  wheels  by  the  product  of 
all  the  three  pinions,  the  quotient  will  be  the  number  of  beats,  as  given  in 
any  of  the  trains  contained  in  this  table ;  also,  if  we  take  the  second  and 
third  wheels,  and  their  pinions  respectively,  as  a  compound  fraction  of  an 
hour,  they  will  give  the  seconds  in  which  the  oontrate-wheel,  attached  to  the 
latter  pinion,  will  revolve ;  thus,  of  y^  of  ^  of  60" = 1 "  or  60»,  which  numbers 
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«re  ec^mctftieTttty  proper  for  a  watch  that  indtcatea  the  second* ;  and  if  the 
b«it5  be  18,000,  or  H,400,  there  will  be  five  or  four  beats  respeclively  m 
a  second,  Which  are  the  best  traiii:^  for  measuring  fractional  parts  of  a  secoud. 

CHIlDNOM£T£RS. 

Chronometers  differ  from  an  ordinary  watch  pnticipally  in 
die  cscftpcment  and  balance.  These  machines  desen'e  more 
than  usual  attention^  as  well  from  their  practical  utility  in 
navlgatiofi,  as  from  the  principles  on  which  they  are  con- 
Btructed,  in  which  the  irregular  forces  both  of  impulse  and 
resistance  are  greatly  diminished  by  the  exactness  of  form 
and  dimeiiHion. 

In  the  reign  of  queen  Anne,  tbe  Britiah  parliament  passed 
aui  act,  offering  a  renard  of  10,000/.  for  any  method  of 
determiiiing  the  longitude  within  tlie  accuracy  of  one  degree 
of  ft  great  circle;  of  15,000/.  within  the  limit  of  foily 
^geographical  miles  ;  and  of  20,000^.  within  the  limit  of  tliirty 
Meh  miles,  or  ludf  of  a  degree  ;  provided  such  method  should 
eictend  more  than  eighty  miles  from  the  coasts  The  hope 
of  obtaining  this  reward  stimulated  a  watch-maker  named 
Harrison  to  be  indefatigable  in  his  endeavours  to  effect  the 
required  improvement,  which  eventually  led  him  to  apply 
the  principle  of  the  apposite  expansions  of  different  metals 

^ft  watch  to  effect  a  self- regulating  curb,  for  limiting  the 
ive  length  of  the  spiral  pendulum-spring  to  correspond 
le  successive  changes  of  heat  and  cold,  which  cliangcs 
now  known  to  alter  the  force  of  this  spring,  and  the 
momentum  of  the  balance. 

After  Harrison  hi'.d  by  his  industry  and  perseverance  ob- 
tiined  the  large  reward,  the  act  was  repealed,  and  another 
««ib»tituted,  offering  separate  rewards  to  any  person  who 
ibouJd  invent  a  practicable  method  of  determining,  within 
drcimiscribed  limits,  the  longitude  of  a  ship  at  sea  ;  for  a 
time-keeper,  tbe  re%vard  held  forth  to  the  public  is  bfi(H)L 
for  determining  the  longitude  to  or  within  one  degree ; 
Jf^tOOL  for  determining  the  same  to  forty  geographical  miles ; 
and  IO,0<X1/.  for  a  determination  at  or  within  half  a  degree. 
ITiIm  act,  Dotwtthstanding  its  abridged  limits  and  dimhiished 
rewurdl,  has  produced  several  candidates  j  of  whom  Mudgc, 
llie  lUro  Arnolds,  and  Eamshaw,  have  had  their  bbours 
trosfkneiX  with  partial  success. 

Although,  in  respect  to  Mudge's  time-keeper,  great  ex- 
pectfttions  were  at  hrst  raised,  it  has,  from  the  complexity 
of  tbe  iiiachiuery,  and  conseciuent  expense  attendant  upon 
making  it,  gradually  fallen  into  disrepute,  and  is  now  seldom 
or  ever  made.     Such  of  our  readers  who  wnsh  to  see  its 
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manner  of  construction  and  performance,  we  must  refer  to 
"  The  Description  of  Mr.  Mudge's  Time-keeper,"  published 
in  17^9  by  Thomas  Mudge,  jun. 

The  chronometer  we  purpose  to  lay  before  our  readers  is 
that  constructed  by  Mr.  Eanishaw,  as  we  are  strongly  dis- 
posed to  conclude,  from  various  documents  we  have  seen, 
and  from  the  similarity  so  evident  in  the  construction  of  the 
escapement,  that  Mr.  Arnold  derived  the  knowledge  of  hb 
principle  from  Mr.  Eamshaw. 

In  Mr.EarnBhaw's  chronometer  the  escapement  is  detached, 
which  is  the  best  for  the  equal  measurement  of  time,  because 
the  vibrations  of  the  balance  are  free  from  the  friction  of  the 
wheels,  excepting  abput  one-twelfth  part  of  the  circle,  while 
the  scape-wheel  is  acting  on  the  pallet  to  keep  up  the  motioo 
of  the  balance,  which  is  done  with  considerably  more  power 
and  less  friction  than  by  any  other  escapement,  as  it  receives 
but  one  blow  from  the  wheel,  whilst  other  escapements  receive 
two ;  it  has  also  an  equal  advantage  of  the  same  quickness  of 
train,  and  when  the  impulse  is  given  to  the  balance  by  the 
wheel,  it  is  given  in  a  similar  direction,  and  not  in  opposition, 
as  most  escapements  are  which  produce  a  recoil. 

The  pivots  of  the  balance-axis  should  be  the 
size  of  the  verge-pivots  of  a  good  sized  pocket- 
watch,  and  of  the  annexed  shape,  which  will  greatly 
add  to  their  strength,  the  extreme  end,  or  acting 
part,  only  being  straight;  the  jewel-liole  should  be 
as  shallow  as  possible,  so  as  not  to  endanger  cutting 
the  pivot,  and  the  part  of  the  action  of  the  hole  made  quite 
back,  with  only  a  very  shallow  chamber  behind  to  reUiin  the 
oil ;  deep  holes  are  very  bad,  for  when  the  oil  becomes 
glutinous,  it  will  make  the  pivots  stick,  so  as  to  prevent  the 
balance  from  its  usual  vibration.  The  pallet  should  be  half 
the  diameter  of  the  wheel,  or  a  little  larger,  for  if  smaller,  or 
one-fourth  the  diameter,  as  is  the  case  in  Arnold*a,  the 
wheel  will  have  too  much  action  on  it,  which  will  increase 
friction  most  considerably,  and  like>\ise  cause  the  balance  to 
swing  so  much  farther  to  clear  the  wheel ;  consequently, 
a  check  in  the  motion  of  the  balance  may  stop  the  watch, 
and  cause  time-keepers  so  constructed  to  stop.  The  face  of 
^be  pallet  should  run  in  a  line  of  equal  distance  between  the 
centre  of  the  pallet  and  its  extremity,  and  not  in  a  right  line 
to  its  centre,  as  this  causes  an  increase  of  friction,  and  a  loss 
of  tliiit  power  which  is  obtained  by  the  wheel,  acting  on  the 
rxtroinity  of  the  pallet.  The  scape-wheel  teeth  should  form 
tlic  surnc  direction  as  the  foce  of  the  pallet,  under-cut  for 
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purfK>£e  of  avoiding  friction,  anfl  maintaintug  the  power, 

and  for  safe  unlocking.     The  points  of  the  M-heel-tcetli  must 

uot  he  rounded  off,  but  left  as  sharp  as  possible,     The  pivots 

[•  of  the  scape-wheel  are  to  be  a  very  little  larger  than  the 

balance-pivots. 

The  wheel  is  locked  by  a  sprincf,  instead  of  a  detent  with 
pivots,  as  the  French  have  made  them  ;  for  those  pivols  must 
have  oil,  and  wlien  the  oil  tliickens,  the  springs  of  the  pivot- 
detents  become  so  alfectt-d  by  it,  as*  to  prevent  the  detrnt 
from  fallinij  into  the  wheel  quick  enough,  which  causei  irre- 
gular time,  and  ultimately  a  stoppage  of  the  watch. 

When  the  spring  is  planted  on  the  side  of  the  wheel,  the 
pait  on  which  the  wheel  rests  should  be  a  little  short  of  a 
right  angle,  no  that  the  wheel  may  have  a  tendency  to  draw 
the  spring  into  it ;  fur  if  sloped  the  other  way,  or  beyond 
a  right  angle,  it  will  have  a  tendency  to  push  the  spring  out, 
in  which  case  the  wheel  will  have  liberty  to  run.     The  wheel 

I  should  take  no  more  hold  on  the  spring  than  just  eullicient 
to  stop  it,  otherwise  the  friction  will  be  increased.  The 
Vtnall  return-spring  should  be  as  thin  as  possible  at  the  emi 
frstened  to  the  other  spring,  but  at  the  outer  end  a  little 
thicker  ;  the  spring  should  be  planted  down  as  close  to  the 
wheel  as  to  be  just  free  of  it :  the  discharging  pallet  about 
otie>third,  or  near  one-half  the  size  of  the  large  or  main 
pallet,  the  face  of  it  in  a  right  line  to  the  centre,  the  back  of 
it  A  little  rounding  off  fron^  the  centre.  Great  care  must 
be  used,  in  taking  off  the  edges  of  this  discharging  piece  to 
^  make  it  round,  to  prevent  cutting  the  spring,  nor  can  it  be 
■  made  too  thin,  provided  it  does  not  cut ;  the  end  of  it  nearest 
^  the  balance  should  be  a  little  more  out  from  the  centre  of  the 
balance-axis  than  the  lower  part  of  it  towards  the  potence, 
for  counteracting  the  natural  tendency  of  the  spring  down- 
wurds  from  the  pressure  of  the  scape-wheel ;  and  that  part 
of  Uie  spring  on  which  the  wheel  rests  should   be  sloped  a 

»  little  down,  to  give  the  wheel  a  tendency  to  force  it  up,  to 
counteract  the  natural  inclination  which  the  wheel  hnn  to 
dmw  it  down  by  its  pressure  on  it.  ^ 

T\\e  balance  is  to  be  made  of  the  best  steel,  and  turned  from 
its  own  centre  to  the  proper  size,  and  then  put  into  a  cmcible 
with  as  much  of  the  best  brass  as  will,  when  melted,  cover  it. 
Tile  brass  will  adhere  to  the  steel,  and  when  set,  id  to  be 
turned  to  its  proper  thickness,  and  hollowed  out,  bo  as  to 
leave  the  steel  rim  about  the  thickness  of  a  repeating-spring 
to  a  small  sized  repeating- watch.  The  brass  is  to  be  turned 
to  near  twice  or  three  times  the  thickness  of  the  ste^l ;  crong 
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it  out  with  only  one  arm  straight  across  the  centre,  zuid  at 
each  end  of  the  arm  fix  two  Bcrews,  opposite  to  each  oth 
through  the  rioi  of  the  balance,  to  regulate  the  watch  to  ti 
The  diameter  uf  the  heads  of  these  screws  must  be  a 
equal  to  the  thickness  of  the  balance,  a  little  more  or  lesa 
not  material.  The  coiupensation-weighti}  should  be  made  of 
tJie  beat  brass,  and  well  hammered,  and  a  groove  turned  to  let 
the  rim  of  the  balance  into  it ;  this  should  be  cut  into  four- 
teen equal  part8,  which  will  leave  aeven  pair  of  pieces  of 
equal  size  and  weight,  one  of  which  pair,  being  screwed  on 
the  rim  of  the  bahince  at  equal  distances,  will  produce 
equilibrium.  In  making  balances,  great  care  must  be  lak 
that  they  get  no  bruises  or  bendings;  for  if  a  bruise  be  made 
one  side  so  as  to  indent  the  metal,  that  part  will  be  less  affect 
by  the  atniosphoric  agency  of  heat  and  cold  than  those  pa 
whose  pores  have  not  been  closed  by  the  same  violence. 

Balances  are  likewise  spoiled  by  bending  the  corapensatioi 
pieces,  as  bending  cracks  and  destroys  the  compact  body 
the  metal.  The  soldering  up  those  cracks  with  a  metal  v 
different  in  expansion  to  the  metal  cracked  is  hurtful,  as  it 
not  then  possible  to  bend  the  compensation- pieces  into 
true  circle,  in  which  case  they  form  so  many  parts  of  differ e; 
circles,  that  nothing  regular  can  be  produced. 

To  adjust  the  balance  in  lieat  and  cold,  put  the  watch  i 
about  85  or  90  degrees  of  heat  by  the  common  thermom 
luark  down  exactly  how  much  it  gains  or  loses  in  twii 
hours,  then  put  it  into  as  severe  a  cold  as  you  can  get  for 
twelve  hours  ;  and  if  it  gain  one  minute  more  in  twelve  houm 
ID  cold  than  in  heat,  move  tJie  compensation-weights  farther 
firom  the  ami  of  the  balance  about  one-eighth  of  an  inch 
imd  if  it  gain  one  minute  more  in  twelve  hours  tn  heat  th 


in  cold,  move  the  weights  one-eighth  of  an  inch  nearer  to  th 
arm  of  the  balance,   and  so  on  in  like   proportion,  trjnng  it 
.Again  and  again,  till  you  find  the  watch  go  the  same  in  wimt- 
ever  change  of  heat  or  cold  you  put  it  in. 

Mr,  Earnshaw  hm  found  out  a  method  of  obviating  the 
difficulties  attendant  ii]  making  time-keepers  go  nearly  the 
j^me  in  whatever  position  they  ought  be  put.     It  mere! 
consista  in  having  the  balance-spring  well  and  properly  madey' 
but  if  the  spring  be  made  as  hereafter  described,  it  only  re- 
quires that  the  balance  should  be  of  equal  weight,  and  it  will 
go,  M'lthin  a  few  seconds  per  day,  in  all  ])o^itions  alike  ;  and 
if  it   vibrate  not  more  than  l^  circle,  will,   by  applying  aH 
ftmall  weight  to  that  part  of  the  balance  ^vhicb  is  downwardiV 
when  in  the  position  that  it  loses  most,  correct  it  with  great 
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accuracy.  If  it  vibrate  more  than  I  {  circle,  it  will  require 
the  weight  to  be  above,  instead  of  }}elow  ;  and  after  the  watch 
has  been  going  a  few  months,  and  its  vibrations  shorten  to 
H  circle,  it  will  go  worse  and  worse  by  reason  of  the  weight 
being  in  the  wrong  place  ;  therefore,  to  avoid  this  evil,  it  is 
absolutely  necessary  to  confine  the  vibrations  to  IJ  circle, 
which  will  produce  the  most  steady  performance. 

The  greatest  difficulty  wiUi  which   Mr.  Kamshaw  had  to 
contend  in  the  construction  of  his  chronometers  was,  to  find 
out  the  invisible  properties  of  that  apparent  simple  part  of  the 
machine,  called  the  balance-spring.     He  found,  in  reasoning 
on  bodies,  that  watch-springs,  when  kept  constantly  in  mo- 
lion,  relax  and  tire  like  the  hmnan  frame.     In  proof  of  this, 
let  a  watch,  that  has  been  going  a  few  months,  go  down  \  let 
it  remain  down  for  a  week  or  two,  and  then  set  it  going,  when 
il  will,  if  it  be  a  good  time-keeper,  and  not  aifected  by  the 
weather,  go  some  few  seconds  per  day  faster  than  it  did  when 
it  was  let  down  ;  but  it  will  again   lose  its  cjuickness  in  a 
erudual  nmnner,  gaining  less  »nd  le^s  till  it  comes  to  its 
tormer   rate.      Finding,   therefore,   that   isochronal   springs 
would  not  do,  and  having  made  springs  of  such  shape  tis 
would   render  long  and  sliort  vibrations  equal  in  tinie^  and 
which  constantly  lost  the  longer  the  wrttch  \vent,  Mr.  Earn- 
skaw  made  them  of  such  shape  as  to   gain  in  the  short 
vibrations  about  five  or  six  seconds  per  day  more  than  the 
long  ones,  which  quantity  could  only  be  found  by  long  expe- 
rience ;  and  the  way  he  adopted  to  prove  this,  was  to  try  the 
rate  of  the  watch  with  the  balance  vibrating  about  one-third 
of  »  circle,  then  tried  its  rate  vibrating  1  {  circle ;  and  if  the 
aliort  vibrations  went  slower  than  the  long  ones,  he  found 
llmt  the  watch  would  lose  in  its  rate  j  and  if  equal,  it  would 
likewise  lose,  but  that  only  froni  relaxation;  he  found  also, 
if  it  gain  in  the  short  vibrations  more  thun  five  or  tsLx  seconds 
iu  twenty-four  honrs,  it  will  in  the  long  run  gain  on  its  rate  ; 
but  if  not  more  than  that  quantity,   and  the  time-keeper  is 
perfect  in  heat  and  cold  in  every  other  part,  the  above  pro- 
perties will  render  it  deserving  the  name  of  a  perfect  time- 
keeper.    Mr.  Earnshaw  found  the   common    relaxation   of 
bftl&iice-sp rings  to  be  about  five  or  six  seconds  per  day  on 
their  rates  in  the  course  of  a  year ;    therefore,  ii  the  short 
vibrations  are  made  by  the  shape   of  the  spring  to  go  about 
that  quantity  faster  than  the  long  ones,  and  as  the  spring 
I  relaxes   in  going  by  time,  so  the  watch  accumulates  in  dirt 
imd  thickening  of  the  oil,  which  shortens  the  vibrations,  the 
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lihort  ones  then  being  quicker,  compensated  for  tlie  evil  of 
relaxation  of  the  balance-spring. 

Having  thus  given  our  readers  Mr.  Earnshaw's  prefatory 
observations  to  the  Board  of  Longitude,  we  shall,  in  the  next 
place,  proceed  to  give  a  general  description  of  the  dilTerent 
parts  of  his  chronometer. 

Fig.  510  represents  the  time-keeper  put  together. 

Fig.  511,  tue  pillar-plate  from  >vhich  the  calliper  may  be  taken;  a,  the 
height  of  the  pillars. 

Fig.  512,  tne  barrel  and  main-spring ;  A,  side  view  of  the  barrel. 

Fig.  513,  the  fusee  and  great  wlieel,  with  ratchet  to  keep  it  going  whiltt 
windmg  up ;  c,  side  view  of  fusee. 

Fig.  514,  second  wheel  and  pinion ;  d,  side  view  of  second  wheel. 

Fig.  515,  third  wheel  and  pinion ;  e,  side  view  of  it. 

Fig.  516,  fourth  wheel  and  pinion ;  /,  side  view  of.it. 

Fig.  517  represents  the  upper  plate,  with  the  escapemfent  on  it,  from 
which  the  calliper  may  be  taken.  In  this  figure  the  drafbman  has  not 
placed  the  pallet  near  enough  the  wheel ;  but  this  is  of  no  consequence,  at 
a  proper  and  exact  draft  of  the  escapement  on  a  much  larger  scale  is  given 
in  fig.  522 ;  the  escapement,  therefore,  is  to  be  understood  from  that  figure ; 
this  only  shows  the  sizes  of  the  wheels. 

Fig.  518  represents  a  side  view  of  the  scape-spring  which  locks  the  wheel. 

Fig.  519,  one  of  the  brass  weights  to  be  fixed  on  the  rim  of  the  balance 
for  the  compensation  for  heat  and  cold ;  ^,  the  groove  cut  in  it  to  receive 
the  rim  of  the  balance.  The  rim  of  the  balance  is  cut  through  in  two  places 
in  opposite  directions,  as  in  fig.  510,  and  two  of  these  weights  are  to  be 
placed  on  the  balance-rim,  at  equal  distances,  as  there  represented,  and 
rastened  by  the  screw  as  at  h.  These  weights  are  to  be  moved  backwards 
or  forwards  on  the  rim  of  the  balance,  to  make  the  watch  go  faster  or 
slower  in  heat  or  in  cold,  as  by  trial  may  be  found  necessary. 

Fi^.  520  is  a  side  view  of  said  brass  weights ;  *,  the  groove  to  receive 
the  nm  of  the  balance ;  its  depth  shows  the  breadth  for  balance-ring. 

Fig.  521,  the  cylindrical  balance-spring.  The  only  advantage  attending 
the  cylindrical  shape  is,  that  it  is  rather  easier  made,  being  a  saving  of  about 
one  hour  of  time ;  for  if  the  real  body  or  form  of  the  spring  be  like  the  shape 
of  the  stem  of  a  feather,  or  common  writing  quill,  it  is  of  no  consequence 
whether  it  be  turned  into  a  spiral  or  cylindricsil  figure. 

Tlie  model,  from  which  the  four  following  figures  were  taken,  contains, 
besides  the  parts  necessary  to  explain  the  nature  of  the  escapement,  a  box 
enclosing  a  spring,  which,  when  wound  up,  communicates,  by  means  of 
some  more  wheels,  a  force  to  the  balance-wheel  sufficient,  when  the  balance 
is  put  in  motion,  to  keep  it  in  action  for  some  time.  These  wheels  are 
contained  between  two  brass  plates,  fastened  together  by  four  upright  pil- 
lars. Tlie  uppermost  of  these  plates  is  that  which  is  represented  in  fig.  522, 
where  P  Q  R  5  are  the  four  screws  that  take  into  the  heads  of  the  four  pillars 
above-mentioned,  and  connect  it  to  the  remaining  part  of  the  model.  The 
plate  P  Q  R  S  contains,  however,  the  whole  of  the  parts  necessary  for  the 
present  purpose.  The  side  of  this  plate  represented  to  view,  is  the  under- 
most when  fixed  in  the  model ;  so  that  the  figure  represents  this  plate  as 
taken  off,  with  the  side  next  to  the  balance  laid  upon  a  table,  and  the  eye  is 
supposed  to  be  placed  perpendicularly  over  it. 

In  the  plate  PQRS  ii  an  opening,  or  a  piece  taken  out,  repretented  by 
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T  U  W  X  Y  Z.  In  this  opting  the  balance-wheel  A  B  C  D,  pallet  M  S  K, 
aod  part  of  the  bfthoce  I*  V,  are  seen.  The  balance-wheel  is  5upporte<J  by 
two  pieces  of  brass,  O  N  H,  O  I ;  the  piece  O  N  U  is  screwed  to  the  side  of 
Ibc  plalo  nearest  to  view  by  a  strong  screw,  \^,  and  made  firm  by  small 
pins,  represented  by  wrir  w»»;  tliese  pins  are  called  steady -pins ;  they 
are  rivelted  fast  into  the  'iupporting-piece  O  H,  and  lake  into  holes  in  the 
plate  P  Q  R  S,  m^de  exactly  to  fit  thein.  The  part  O  N  of  this  supporting- 
piece  13  5  be  TiistKi  above  the  pit  O  H  by  a  joint  or  bend  at  N: 
the  oilier  -  piece  O  I  is  fastened  to  the  opposite  side  of  the  plate; 
and  betwetti  mtvt  two  pieces  tl^e  balance-wheel  turns  freely  and  steadily 
rn  the  direction  of  the  letters  A  BC  D.  The  small  wheel  M  S  K  is  called 
the  large  piilltt ;  it  is  a  cylindrical  piece  of  steel,  having  a  notch  or  piece 
cut  out  of  It  at  /  A  i  i  against  the  side  of  this  notch  is  a  square,  flat  piece  of 
iTiby,  or  any  hard  stone,  h  I,  ground  and  polished  very  smooth,  and  fixed 
into  Lite  pallet.  Tlie  cylinder  is  so  placed,  with  respect  to  tJie  balance- 
'Tbeel,  thai  it  may  not  be  more  tlian  just  clear  of  two  adjoining  teeth.  E  P 
og,  thin  spring:,  which  is  made  fast  at  one  end,  by  being  pinned  into 
G,  and  made  to  bear  gently  against  the  head  of  an  adjusting  screw, 
the  other  end  is  bent  a  Utile  in  the  form  of  a  hook ;  to  this  spring  there 
fixed  another  very  slender  spring  at  7,  which  projects  to  a  small  distance 
:-youd  it.  Tliis  small  spring  lies  on  the  side  of  the  thick  spring  nearest  to 
balance-wheel.  The  adjusting  screw  w  inkes  into  a  small  brass  cock  at 
^ch.f  H  is  screwed  fast  to  the  upper  plate  by  a  strong  screw.  Upon  the 
i  iheie  is  fixed  a  semi-cylindrical  pin,  which  stands  up  perpen- 
upon  it,  and  of  a  sufficient  length  to  fall  between  the  teeth  of  the 
b»lmnce-wheel  A  BCD.  Tliis  pin  is  called  thy  lockang-pallet,  and  is  placed 
I  the  f»pposjte  side  of  the  spring  represented  to  view.  Through  the  centre 
"the  t  yhndrica!  pallet  M  S  K,  a  strong  steel  axis  passes,  called  the  verge  ; 
f  pallet  is  made  fast  io  this  axis,  which  also  passes  through  the  centre  of 
fbe  nalance,  and  is  made  fast  to  it ;  it  has  two  nne  pivots  at  ii!t  extremities, 
npon  which  it  turns  vary  freely,  between  two  iinn  supporting  pieces  of 
l>ras!»^  screwed  finiily,  and  made  as  permanent  as  possible,  by  steady-pins, 
lo  the  principal  plate.  A  little  above  the  cylindrical  pallet  M  S  K,  is  fixed 
a  KnvvM  -  viiuflrical  piece  of  steel,  i  71,  having  a  small  part  projecting  out  at », 
liich  the  verge  also  passes ;  this  is  called  the  litting-pallet,  and  it 
-tliird  to  balfthcdiaiDeler  of  the  large  pallet ;  it  fixes  upon  the  verge 
like  a  collar,  and  h  made  fast  by  a  twist,  so  as  to  be  set  in  any  position 
*ith  re5]>ect  to  the  large  pallet  MSK.  The  end  EG  of  the  long  spring 
T.V  being  made  very  slender,  if  a  small  force  be  applied  at  the  point  &  to 
press  that  end  out  from  the  wheel  A  B  C  D,  it  yields  easily  in  ttiat  dire«* 
lion,  turning,  as  it  were,  upon  a  centre  at  G ;  it  is  also  made  to  shde  in  a 
oove  made  in  this  !itud,  iu  inueh  a  manner  that  the  end  0  may  be  placed  at 
ly  required  distance  from  the  centre  of  the  verge. 

Having  descnboJ  the  several  parts  as  they  appear  in  the  figure,  wc  next 

come  to  their  situation  or  connection  with  respect  to  each  other.     Let  the 

ng  s|)ring  E  F  be  supposed  to  be  so  placed,  that  the  end  of  the  slender 

Dg  y  i  may  project  a  little  way  over  the  point  of  the  lifting-pallet  if », 

not  80  clo-'e  but  that  the  point  of  the  pallet  may  pass  by  the  hooked  cikI 

the  spring  EF  without  touching  it;  the  head  of  the  adjusting-screw  m  it 

o  supposed  to  bear  gently  on  the  inner  side  of  the  said  spring  E  P,  or 

at  M^an^si  to  the  wheel,  and  at  the  same  time  the  locking-pallet  ii  to 

laoed,  that  one  of  the  teeth,  D,  of  the  balance-wheel,  mav  just  take  hold 

fof  it.     Hjis  pallet  is  not  visible   in  its  proper  place  in  the  figure,  being 

covered  from  sight  by  the  screw  m,  and  part  of  the  spring  E  F  ;  its  pMJtiim 

therefore  reprastuttd  by  the  dot  k,  on  the  oppo«it«  aid«  of  iht  whttl, 

2l 
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h&viog  the  toolh  A  just  beariog  up  against  it.    Tmrr,  i^».  ah^i 
of  the  seveml  parts  of  the  escapement,  and  their 
it  Will  be  easy  to  see  the  mode  of  its  action,  wb 

A  force  being  supposed  to  be  applied  to  the  balonoe-wfieei, 
it  to  move  round  in  the  direction  of  the  letters  A  H  C  D,  erne 
0|  will  come  against  the  locking-pallet  (as  represented  ai  A, 
pidlel  by  L)    TJie  wheel  b  then  said  to  be  locked,  bring 
oeio^  moved  forv^-ard  by  this  pin»    I^et  the  1    ' 
r€»t  ID  its  quiescent  position,  and  it  will  have  i 
thri  figure  ;  the  '  '"  uii  i  of  the  pallet  in  wiil  be  j\ 

jectiiicr  end  of  t  spring.  The  tace,  h  I,  of  the  lafgej 

fall  a  Utile  below  ..n-  i-.iul  of  the  toolh  B,  tind  the  bsil-in^, 
or  helical  (meaning  cylindrical)  spring  applied  lo  ii 
rest  in  this  position.     Now,  as  the  nalance,  and  the  t 
•  n,  are  fixed  to  the  verge,  it  is  plain  they  niu¥t  all  mo 
fore,  the  balance  be  earned  a  htile  way  round  in  th»'  • 
JVI  S  K  :  by  i\m  motion,  the  end  t  of  the  lifling-pallet  i  h  < 
press  up  against  the  projectin|;  end  of  the  slender  spring,  - 
is  fijced  on  the  side  of  the  spring  E  F,  nearest  to  the  * 
point  i  will  press  the  two  springs  together  out  of  the  bal 
as  only  the  point  of  the  looih  D  (see  its  position  ai  k)  t< 
pallet  when  the  spring  E  F  was  at  rest  against  the  head 
will,  by  the  spnua;  being  pressed  out  from  the  toolh,  have^ 
the  locking-pallet,  which  was  before  supposed  at  A,  will  n< 
of  the  tooth  A  of  tlie  balance-wheel;)  tlie  wheel  being  now  al  IH 
move  round  by  the  force  supposed  to  be  applied  to  it ;  but 
the  lifting- pal  let  move*  on  and  presses  out  the  spring,  ilie  tynnt, 
large  pallet  approaches  towards  the  point  of  the  tooth  B  oi  the  ' 
wheel,  so  that  when  the  spring  E  F  is  sufficiently  pushed  out  Lo 
wheel,  the  point  /  of  the  large  pallet  will  be  got  to  rf,  and  in  ^ 
the  point  m  the  tooth  B  of  the  balance-wheel  will  fall  upon 
le  the  point  of  the  tooth  D  has  just  dropped  off  from  tlie 

the  force  of  the  wheel,  being  by  this  means  applied  to 
let  h  U  gives  an  increased  momentum  to  the  balance,  and 
motion  m  the  same  direction^  and  by  the  continued  motioQ 
pallet  in  the  direction  M  S  K,  the  point  of  the  tooth  B,  wl.i.  1.  Li 
•nd  urging  it  forward,  moves  up  towards  the  bottom 
towards  A,  until  the  plain  flat  surfaces  of  the  toolh 
GontacI;  by  this  time  the  end  o  of  the  slender  spring  luis   I 
the  point  i  of  the  lifling-palletr  i"d  the  two  ^pnntn  Itrn .   ,. 
into  their  quiescent  position,  the  st»r IT      ' 
of  the  adjusting  screw,  »i,  and  the  Iol  k 
next  tooth,  C,  of  the  balance-wheel.     s>  utn  mk'  iwu  sur 
and  pallei  are  thus  in  contact^  the  gTeate<it  force  of  the  wh 
the  pallet,  and  of  course  upon  the  balance  moving  with  iM^ 

Srcssing  against  the  face  of  the  pallet,  and  the  pallet  movi 
ISK,.  it  :it  Jast  drops  off,  leaving  the  balance  at  perfi 
0n  in  the  same  direction  in  which  it  was  gom^,     Just  as 
tooth  B,  which  has  been  pressing  the  large  pallet  round, 
it^  the  next  toolh,  C,  of  the  wheel  is  almost  in  contact 
pallet  fit,  so  that  the  instant  the  toolh  B  drops  o^  the  w 
and  the  action  of  that  tooth  on  the  balance  is  ftnished 
ttOTcs  with  the  greatest  freedom  upon  its  pivots,  the  fort*  of 
given  it  a  considerable  velocity,  so  that  the  batanoe  fdU  fec«|Nr 
in  tite  same  direction,  ailer  the  presiure  of  the  (ootli  is  remot^ 
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the  pall«;i,  until  tlie  foroe  of  the  peoilulmn-spritig,  (\\ '  t 

icpresented  ia  the  fi^ie,)  being  conlmually  increased  t^  bcisv, 
oreroomes  the  momentum  of  the  balance^  which  for  an  insUnt  oi  uciu  is 
thed  stationary,  but  immediately  returns  by  the  actiou  of  the  p€ntl\itum- 

Siring,  which  exem  a  considerable  force  upon  it  in  unwiodinE  itself.  As 
e  balance  returns,  the  point  t,  of  the  liiUng-pallet  •  n,  passes  by  the  ends 
C»f  two  springs,  E  F  and  YO,  and,  in  passing  by,  pushes  the  projecting  end  o 
of  the  slender  spring  in  towards  the  balance- wheel,  until  it  has  pas$«d  it ; 
after  this,  the  projecting  end  o  again  returns,  and  applies  itself  close  to  the 
hooked  end  of^the  spring  £  F  as  before.  The  spring  y  o  is  made  so  slender, 
that  it  gives  but  little  resistance  to  the  balance,  during  the  time  the  point  i 
of  the  tifting-pallet  is  passing  it,  and  of  course  causes  but  little,  if  any»  de- 
crease in  its  momentum.  During  the  time  the  point  i  of  the  liding- pullet 
is  pressing  in  the  small  spring  y  ci,  the  long  spring  E  F  remains  xteadil)' 
heuing  against  the  head  of  the  adjusting  screw  m,  as  the  hooked  end  at  o 
lets  the  end  of  the  lifting-pallet  puss  by  without  touching  it.  As  the 
has  now  been  continually  acting  iip>on  the  balance,  from  the  eitlrvrtMty 
Tihration  in  the  direction  M  S  K,  it  has  given  it  the  greatest  velocity 
when  the  point  t  of  the  lifimg-pollei  is  passing  the  end  o  of  the  slender 

a^rinjr;  for  at  this  instant  the  spring  which  was  wound  up  by  the  contrary 
irectiun  of  tlie  balance^  is  now  unwound  again,  or  in  the  same  state  as  it 
was  in  il»  quiescent  position  at  ftrst,  and  of  course  has  no  effect  at  all  upon 
the  balance  in  either  direction  ;  but  the  balance,  having  now  all  the  velocity 
il  would  acquire  from  the  unwinding  the  spring,  goes  on  in  the  direction 
S  M  K  until  the  force  of  this  spring  again  stops  it,  and  brings  it  back  again, 
moving  in  the  .^aine  direction  as  at  lirst,  with  a  considerable  velocity.  By 
this  return  of  the  balance,  the  point  i  of  the  lifting>pallet  comes  up  again  to 
the  projecling  end  o  of  the  slender  spring,  pushes  back  the  long  spring  E  F. 
and  unlocks  thu  wheel;  and  anotlier  tooUi  Mling  upon  the  face  of  the  pallet 
klf  gives  fresh  energy  to  the  balance;  and  tlius  the  action  ia  carried  on  ai 
before* 


The  motions  of  a  clock  or  watch  are  rci^tilated  by  a  pcii- 
dtUum  or  balance,  which  scrvea  as  a.  check,  without  which, 
the  wheels  impelled  by  the  weight  in  the  clock,  or  spring  in 
the  watch,  would  run  round  ^ritli  a  rapidly  accelerntiiig 
motion,  till  this  shoiihi  be  rendert'd  uniform  by  friction,  and 
the  resistance  of  the  air  ;  if,  however,  a  pendulum  or  balance 
be  put  in  the  way  of  this  motion,  in  such  manner  that  only 
one  tooth  of  a  wheel  can  pass,  the  revolutions  of  the  wheel 
will  depend  ou  the  vibration  of  the  pendulum  or  balance. 

We  know  that  the  motion  of  a  pendulum  or  balance  is 
alternate,  while  the  pressure  of  the  wheels  ig  const^itly 
exerted  in  the  same  direction.  Hence  it  is  evident  that  some 
means  must  be  employed  to  accommodate  these  different 
motions  to  each  other.  Now,  when  a  tooth  of  the  wheel  has 
given  the  pendulum  or  balance  a  motion  in  one  direction,  it 
must  quit  it,  that  the  pendulum  or  balance  may  receive  an 
tjnpiUsion  in  the  opposite  direction.  This  escaping  of  th* 
has  given  rise  to  the  term  escnptment 
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The  ordinary  'scapement  is  extremely  8imi>le,  and  raav  be  thus  illustrated. 
Let  xy^  fig.  523,  represent  a  horizontal  axis,  to  which  the  pendulum  is 
attached  by  a  slender  rod.  This  axis  has  two  leaves,  c  and  tf,  one  near 
each  end,  and  not  in  the  same  plane,  but  so  that  when  Uie  pendulum  hangs 
perpendicularly  at  rest,  e  spreads  a  few  degrees  to  the  right,  and  d  as  mudi 
to  the  left.  TTiese  are  called  tiie.|)a]let8.  Let  afb  represent  a  wheel, 
turning  on  a  perpendicular  axis,  e  o,  in  ibe  order  afeb.  The  teeth  of  this 
wheel  are  in  the  form  of  those  of  a  saw,  leaning  ibrward  in  the  direction  of 
the  rim's  motion.  This  wheel  is  usually  calud  the  crown-wheel^  or  in 
watches  the  baianee-wheel.  It  in  general  contains  an  odd  number  of  teeth. 
In  the  figure  the  pendulum  is  represented  at  the  extremity  of  its  excursion 
towards  the  right,  the  tooth  a  having  just  escaped  from  the  pallet  c,  and  t 
having  just  dropped  on  d. 

Now  it  is  evident,  that  while  the  pendulum  is  moving  to  the  lefl,  in  the 
arc  p  g,  the  tooth  b  still  presses  on  the  pallet  d,  and  thus  accelerates  the 
pendulum,  both  in  its  descent  along  p  h,  and  its  ascent  up  hg,  and  that 
when  dy  by  turning  round  the  axis  ory,  raises  its  point  above  the  plane  of 
the  wheel,  the  tooth  b  escapes  from  it,  and  t  drops  on  c,  now  nearly  perpea- 
dicular.  Thus  c  is  pressed  to  the  right,  and  the  motion  of  the  pendulum 
^ong  gp  is  accelerated.  Again,  while  the  pendulum  hangs  perpendicularly 
in  the  Ime  x  A,  the  tooth  5,  by  pressing  on  <f,  will  force  the  pendulum 
to  the  lei^,  in  proportion  to  its  lightness,  and  if  it  be  not  too  heavy,  will 
force  it  so  far  from  the  pemendicular,  that  b  will  escape,  and  i  will  catch 
on  r,  and  force  the  pendulum  back  to  p,  when  the  same  motion  will  be 
repeated.  This  effect  will  be  the  more  remarkable  if  the  rod  of  the  pen- 
dulum be  continued  through  xy,  and  have  a  ball  9,  on  the  other  eni^  to 
balance  p. 

When  b  escapes  from  <f,  the  balls  are  moving  with  a  certain  velocity  and 
momentum,  and  in  this  condition  the  balance  is  checked  when  t  catches 
on  c.  It  is  not,  however,  instantly  stopped,  but  continues  to  move  a  little 
to  the  left,  and  t  is  forced  a  little  backward  by  the  pallet  c.  It  cannot  make 
its  escape  over  the  top  of  the  tooth  ?,  as  all  the  momentum  of  the  balance 
was  generated  by  the  force  of  A,  and  i  is  of  equal  power.  Besides,  when 
t  catches  on  c;  and  the  motion  of  r,  to  the  left,  continues,  the  lower  point 
of  e  is  applied  to  the  face  of  i,  which  now  acts  ou  the  balance  by  a  long 
lever,  and  soon  stops  its  motion  in  that  direction,  and,  continuing  to  press 
on  c,  urges  the  balance  in  the  opposite  direction.  In  this,  it  is  evident  that 
the  motion  of  the  wheel  is  hobbling  and  unequal,  by  which  this  escapement 
has  received  the  appellation  of  the  recoiling  *»capement. 

In  considering  the  utility  of  the  following  improved  'scape- 
nient  for  clocks,  we  must  keep  in  mind  the  following  propo- 
sition^ which,  after  the  above  illustration,  scarcely  requires 
any  proof.  It  is,  that  the  natural  vibrations  of  a  pendulum 
are  isochronous,  or  are  performed  in  equal  times,  fhc  great 
.object  of  the  'scapemcnt  is  to  preserve  this  isochronous 
motion  of  the  pendulum. 

'  As  the  defect  of  the  recoiling  'scapement  was  long  ap- 
parent, several  ingenious  arti.^ts  attempted  to  substitute  in 
Its  place  a  'scapement  that  aliould  produce  a  more  regular 
and  uniform  motion.  Of  these,  the  ncapcment  contrived  by 
Mr.  Gumming  appears  to  be  one  of  the  most  ingenious  in  ita 
construction,  and  most  perfect  in  its  operation.    The  follow- 


AND  MACHINIST.  6Ji7 

confetniction  is  similar  to  that  of  Mr.  Cumming,  but 

rudercd  niiher  less  complex  for  the  purpose  of  shortening 
U\c  description. 

Let  A  JJC\  %.  5'24t  represent  a  portion  of  the  swing^wheeU  of  irvhich  O 
i«  ehc  centre,  and  A  one  of  the  teeth,  and  Z  the  centre  of  the  cnitcb>  i!»e 
j)^let5,  and  pendulum.  The  crutch  is  represented  of  the  form  of  the  letter 
A,  having  in  the  circular  cross-piece  a  slit  i  k,  which  is  also  circular,  Z  being 
the  ceniie.  The  arm  Z  F  forms  the  first  detentf  and  the  tooth  A  is  repre- 
as  looked  on  it  at  F.  D  is  the  first  pallet  on  the  end  of  the  arm  Z  d, 
ible  Tound  the  same  centre  with  the  detents,  hut  independent  of  them, 
arm,  de,  to  which  the  pallet  D  >s  attached,  Wen  wholly  behind  the  arm  Z  F 

the  detent,  being  i^^ted  to  a  rouud  piece  of  bra»a,  ^/fC*  having  pivot* 
tiirnio)^  ctmrentric  with  the  axi^  of  tlje  pendulum.  To  tljti  twntne  piece  of 
brass  is  fixed  the  horizontal  ami  c  II,  canying  at  il^  extremity  the  ball  U, 
I  of  such  site  that  the  action  of  the  tooth  A  on  the  pallet  D  is  just  able  *o 
raLse  it  up  to  the  position  represented.  Z  P/j  rtpresents  the  fork,  or  peo- 
ddluui-rod,  behind  both  detent  and  pallet.  A  put  p  projects  forward, 
IcoDitng  through  the  sl^t  i  A,  ^riUiout  touching  either  mar^iu  of  tt.     Attiicbed 

the  fork  is  the  arm  m  n,  of  such  length  that,  when  tla*  penduiuro-rcd  13 
'perpendicular,  the  angular  distance  of  ho  from  the  rod  »  f/  H  is  just  equal 
to  ttie  angular  distance  of  the  left  side  of  the  pin  p  from  the  left  end  i  of  the 
kill  t  k. 

Now  the  natural  position  of  ilie  pallet  D  is  at  8,  represented  i»y  the  dolled 
^lioes,  resting  on  the  back  of  the  detent  F,  It  is  naturally  brought  into  this 
ipositioii  hy  its  own  weight,  and  jttdl  more  by  the  weight  of  the  ball  \{, 
The  pallet  D,  being  set  on  the  fbreside  of  the  arm  at  Z,  comes  into  the  same 
Lplane  with  the  detent  F  and  the  swinjj-wheel,  thou^^h  represented  in  the 
[ijgure  in  a  diH'ercut  position.  Hie  tooth  C  of  the  wheel  is  supposed  to  have 
[escaped  from  the  second  pallet,  on  which  the  tooth  A  imm^iately  seiios 
the  ^alU.'l  D,  situated  at  8,  forces  it  out,  and  then  rests  on  the  detent  F,  the 
pallet  D  leaning  on  the  tip  of  the  tooth.  After  the  escape  of  C,  the  pen- 
dulum, moving  down  the  arch  of  semi-vibration,  b  represented  ai  having 
^tuined  the  vertical  pojition.  Proceeding  still  to  the  left,  the  pm  p  reaches 
the  extremity  i  of  the  slit  i  k;  and,  at  the  same  mutant,  the  :triu  n  touches 
the  rod  <?  TI  in  /y.  The  pendulum  proceedin;^  a  hairVbreadth  further,  with- 
draws the  detent  F  from  the  tooth,  which  now  pushes  off  t}iA  detent,  by 
actios  on  the  inclining  face  of  it. 

The  wheel  bein?  now  unlocked,  the  tooth,  following  C  on  the  otbor  side, 
acts  on  its  pallet,  pu:«he$  it  off,  and  rest^  on  ilj»  detent,  whii^h  has  been 
rapidly  brought  into  a  proper  position  by  the  action  of  A  on  thf!  inclined 
face  of  F.  Ry  a  similar  action  of  C  on  its  detent  ut  the  moment  nf  csc«pe, 
F  was  brought  into  a  position  proper  for  the  wher-h  being  locked  by  the 
tooth  A.  An  the  neniluhim  Mill  goe^  on,  the  ball  II,  and  palk-l  connected 
with  It,  arc  earned  by  the  nrm  m  »/,  and  before  the  pin  ;/  ai^n  rraclies  the 
fUiU  of  the  9IU,  whidii  had  been  suddenly  wjthdniwn  by  the  action  of  A  on 
F,  the  pondulum  comes  to  rest.  It  now  returns  toward""  th^'  n,  hf,  l.tided 
irilh  the  ball  U  on  llie  left,  and  thus  the  motion  Iwt  durin.  liraliun 

ri5stored*     When  the  pin  p,  by  it^  motion  to  the  r»ght,   (  if;  end  k 

|A.  the  wheel  on  the  right  side  is  uidocked,  and  at  the  ssune  mstant  the 
II  II,  being  raiiscd  from  the  pendulum  by  the  action  of  a  (00th  like  H 
pullet  I),  ceases  to  act. 

In  thiii  'scapenient,  both  pallets  and  detents  are  detached 
from  t!ie  pendulum,  except  m  the  mooicnt  of  nnlocUitiir  the 
M'liccl,  so  that,  excepting  during  this  short  interval,  the  pi?n 
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dulum  may  be  said  to  be  free  during  its  whole  vibration,  as 
of  course  its  motion  must  be  more  equable  and  undii^turbed^ 

The  constructing  of  a  proper  'ftcapenient  for  watches 
requires  peculiar  delicacy,  owing  to  the  small  size  of  the 
machine,  from  which  the  error  of  t^  of  an  inch  has  as  muck 
effect  as  the  error  of  a  whole  inch  in  a  common  clock. 
From  the  necessarj*  lightness  of  the"  balance  too,  it  is  ex- 
tremely difficult  to  accumulate  a  sufficient  quantity  of  regu- 
latiue^  power.  This  can  only  be  done  by  giving  the  balance 
a  great  velocity,  which  is  effected  by  concentrating  as  muck 
as  possible  of  its  weight  in  the  rim,  and  making  its  vibrations 
very  wide»  The  baJance-rim  of  a  tolerable  watch  should, 
pass  through  at  least  ten  inches  in  every  second. 

In  considering  the  most  proper  'scapcmenta  for  watches, 
we  may  assume  the  following  principle ;  viz.  :  that  the  oscil- 
lations of  a  bMance  urged  by  its  spring,  and  undisturbed  by ; 
extraneous  forces,  are  isochronous. 

In  ordinary  pocket-watches,  the  common  recoiling  'scape- 
ment  of  clocks  is  still  employed,  and  answers  the  common 
purposes  of  a  watch  tolerably  well,  so  that,  if  properly  exe* 
cuted,  a  good  ordinary  watch  will  keep  time  within  a  minute 
in  the  day.  These  watches,  however,  are  subject  to  gresC 
variation  in  their  rate  of  going,  from  any  change  in  the  powti 
of  the  wheels. 

The  foUomng  is  considered  as  the  best  construction  of  the  common  wdier 
^scapenientf  and  is  repreaeuted  by  fig.  525,  as  il  appears  when  looking  slmigfa. 
dowQ  on  the  end  of  me  balance  arbor.    C  markE  the  centre  of  the  balanc 
and  verge;  C  A  reprcM^nts the  upper  pallet,  or  that  next  the  balance,  anc 
C  B  the  lower  pallet ;  F  and  D  are  two  teeth  of  the  crown-wheel,  movinf^ 
from  left  u»  right ;  E  G  are  two  teeth  in  the  lower  part,  moving  from  right 
to  left.     Tlie  tooth  D  appears  as  having  jusi  escap^  from  the  point  of  C  A, 
and  the  looth  Kas  having  juist  come  in  contact  with  C  B.     In  practice,  the 
^scapement  should  not  be  quite  so  close,  as,  by  a  small  inequality  of  the  teeth^  _ 
D  might  be  kept  from  escapinfi;  at  all.    In  the  best  proportioned  %vatches,  thefll 
distance  between  the  from  of  theteeth^that  is,  of  G  F  E  D/and  the  axis  ('  ofV 
the  balance^  is  {  of  FA,  the  distance  between  the  points  of  the  tcetli.     The 
length  C  A,  C  B,  of  the  pallets  is  §  of  the  same  degrees,  and  the  front  D  llji 
or  F  K  of  the  teeth  makes  an  angle  of  25«  with  tlie  axis  of  the  crown-^heelJH 
The  sloping  side  of  the  tooth  must  be  of  an  epicycloidal  form,  suited*to  thit^ 
relative  motion  of  the  tooth  and  pallet. 

It  appears  from  these  proportion*:^  that  by  the  action  of  the  tootli  D, 
tlie  pallet  A  can  llirow  out  till  il  reach  a,  l'20<*from  C  L,  \h^  line  of  the 
crown-wheel  axi:«.  To  this  if  we  add  B  C  A  =95«,  we  shall  have  L  C  a  —  l^Oo. 
Again,  B  will  throw  out  as  far  on  the  other  side.  Now,  if  from  240«», 
sum  of  the  extent  of  vibration  of  both  pallets,  we  take  95«,  the  angle  of 
pallets,  the  remainder  145^  will  express  the  greatest  vibration  whidi 
bals^nce  can  make  without  striking  tlie  front  of  the  teeth*  Fmm  seve 
cau5c«,  however,  this  measure  is  too  great,  and  ISO*  is  reckoned  a  sufficici 
vibration  in  the  best  ordinairy  *scapeinenl.     Euctfclcpcrfiia  BritaHnicn, 
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n  1812,  Mr,  Prior,  juii.  was  rewarded  by  the  Society  of 
B  for  the  construction  of  a  remontoire  escape  which  pos- 
^"  considerable  merit. 

advantas^e  of  this  escapement  is  such  aa  will  give  au 
id  equal  impulHC  to  the  pendulum  without  any  friction, 

Bch  cannot  be  at  all  ati'ected  by  any  irregularities  or 
lens  arising  by  the  clogging  of  oil  and  increasing  of 
Liou  from  Uie  train,  except  during  the  very  small  part  of 
vibration  that  the  pendulum  is  removing  the  spring  detents 
n  off  the  points  of  the  teeth  of  the  eacape-M-heel,  the  effect 
rhich  can  never  be  discovered  in  the  rate  by  any  variation 
oil  on  the  pivots  and  the  increase  of  friction  can  ever 
hicCf  as  long  as  the  wheels  will  be  able  to  wind  up  the 
>Tating  spring,  which  will  be  nearly  as  long  ub  they  can 
re  at  all,  as  the  renovating  spring  has  not  either  to  be 
Lnd  up  quick,  or  to  be  pushed  beyond  any  catch  or  spring  to 
pit  in  its  proper  situation,  nor  can  there  ever  be  any  increase 
fiction  in  winding  up  the  renovating  spring,  as  it  is  formed 
nearly  as  right  a  line  as  possible  ;  consequently  must  go 
pst  endlessly  without  cleanhig,  and  mil  never  require  any 


ke  iwing-wheel  A,  fig«.  526  and  527*,  has  thirty  tcelh  cut  in  iu  peri- 
ff  aod  b  constantly  urged  forward  by  the  m&iutftining  power^  which  is 
lied  by  a  ftmaU  weight  X^  tin.  527  and  527* ;  C  D  are  tvro  spring 
Ms  catching  the  teelh  of  ihi?  wheel  aJieniaitly,  these  are,  at  the  proper 
rals,  unlocked  by  the  parts  marked  2  and  3^  hg.  626,  upon  the  p<^n- 
bj  f<)d  H.  "-♦<-/.  '^t""  -mall  pins  ab,  fi^.  527,  projecting  from  the 
Its,  as  it  V  ihe  one  or  the  other ;  E  ia  the  renoiating  or 

mtoire  sp-     ^^  esame  stud  F,  as  the  detents  ;  it  is  wound  up 

le  highest  tooth  of  the  wheels  a)  seen  in  H^.  526,  (its  position  when  ua- 
^ng  showii  by  the  dotted  Line.)    This  being  a  case,  suppose  a  tooth 
i  is  caught  by  the  detent  D,  which  preveols  the  wheel  frora 
ly  further,  and  keeps  the  renoTaiiug  spring  from  escaping  off  the 
tooth ;  in  this  position,  the  penduluro  is  quite  detached  from 
;  now,  if  the  pendulum  be  caused  to  vibrate  towards  0,  the  part 
'  2  comes  against  the  pin  A,  tig.  527,  projecting  from  the  renovate 
E,  and  pushes  this  spring  from  the  point  of  tbe  wheeFs  tooth; 
btj  a  little  further,  it  removes  the  detent  D,  which  detained  the 
the  part  3  sinking  the  pin  a,  %.  2,  which  projects  from  the  detent ; 
ling  power  of  me  clock  causes  the  wheel,  thus  unlocked,  to  ad- 
'tntfal  deuiDed  by  a  tooth  resting  upon  the  end  of  the  detent  C,  on 
side ;  by  this  means  the  renoivsiting  spring  will  be  clear  of  the 
wlie«l  as  it  returns  with  the  pendulum,  and  gives  it  an  impulse, 
pressing  against  the  part  2  of  the  pendulum,  until  the  spring 
position  shown  by  the  dolled  line,  in  which  position  it  is  un- 
ag;ainil  a  pin  fixed  in  the  crois  bar  of  the  plate ;  the  pen- 
rtbrating  towards  I,  nearly  to  the  extent  of  its  vibration, 
put  1  iiit«ts  the  pin  in  the  deieut  C,  aod  removes  it  from  the 
tifilocks  tt;  the  maintaining  power  now  carries   it   (orwiod, 
the  tcDOTBting  spring  B  before  it,  uatil  another  tooth  is  cau^t  hy 
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tbe  detent  D,  which  detains  the  wheel  in  the  position  first  described,  the 
renorating  spring  being  wound  up  ready  to  gire  another  impulse  to  the 
pendulum. 

The<pin  b,  fig.  527,  is  not  fixed  to  tbe  renovating  spring  Itself,  but  is  part  of 
a  piece  of  brass,  which  is  screwed  fast  to  the  renovating  spring,  and  is  made 
very  slender  near  the  screw  which  &stens  it;  this  permits  the  renovating  spring 
to  cfive  way,  i^  by  the  weight  being  taken  off  the  clock,  or  any  oUier  ac- 
cident, the  escape-wheel  should  be  wound  backwards,  so  as  to  catch  on  the 
detents  improperly. 

In  this  escapement  it  is  necessaTy  to  attend  to  tlie  following 
observations : 

let.  That  the  renovating  and  detent  springs  must  spring 
from  one  centre,  and  as  siimlarly  as  possible. 

2dly.  That  the  force  applied  to  the  train  must  be  so  much 
more ,  than  what  will  wind  up  the  renovating  spring,  as  will 
overcome  the  influence  of  oil  and  friction  on  the  pivots  of  the 
machine. 

ddly.  That  the  renovating  spring,  when  unwound,  must  rest 
against  the  point  of  the  tooth  of  the  wheel,  which  will  be  an 
advantage,  as  it  thereby  takes  as  much  force  off  the  tooth  of 
the  wheel  resting  against  the  detent  spring  as  is  equal  to  the 
pressure  of  the  renovating  spring  C,  against  the  face  of  the 
tooth  of  the  wheel. 

4thly.  The  detent  springs  must  be  made  as  slender  and 
light  as  possible,  though  whatever  force  they  take  from  the 
pendulum  by  their  elasticity  in  removing  them  to  unlock  the 
wheel,  so  much  force  they  return  to  the  pendulum  in  follow- 
ing it,  to  where  it  removed  them  from,  therefore  action  and 
reaction  will  be  equal  in  contrary  directions. 

5thly.  That  it  is  necessary  for  the  pendulum  to  remove  the 
detents  or  renovating  springs,  much  further  than  it  is  neces- 
sary to  free  the  teeth  of  the  wheel,  as  it  will  always  vibrate 
on  the  same  arc ;  in  table  clocks  it  ought  to  remove  theni 
further,  so  that  it  can  go  when  not  placed  exactly  level,  or 
what  is  generally  termed  out  of  the  beat. 

The  following  description  of  a  clock  escapement,  contrived 
by  Mr.  Reid,  about  twelve  or  fifteen  years  ago,  is  extracted 
from  the  Edinburgh  Encyclopaedia : 

Fig.  528.  S  W  is  the  swing-wheel,  whose  diameter  may  be  so  large  a.s  to 
be  sufficiently  free  of  the  arbor  of  the  wheel  that  runs  into  its  pinion,  wliich 
in  eight-day  clocks  is  the  third.  The  teeth  of  this  swing-wheel  are  cut  thus 
deep,  in  order  that  the  wheel  may  be  as  light  as  possible,  and  the  strength  of 
the  leeth  little  more  than  what  is  necessary  to  resist  tbe  action  or  force  of  a 
commou  clock  weight  through  the  wheels.  They  are  what  njay  be  cilled 
the  locking-teeth,  as  will  be  more  readily  seen  from  the  use  of  them  after- 
wards to  be  explained.  Those  called  the  impulse-teeih,  consist  of  veiy 
small  tempered  steel  pins,  inserted  on  the  surface  of  the  rim  of  the  wlwcl  on 
one  side  only.    They  are  nearly  two-tenths  of  an  inch  in  height ;  .uid  the 
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smidler  th^  ar«  so  much  more  room  will  be  given  for  ihe  tliickopss  of  Uit 
pallets.     If  they  have  strength  to  support  about  BO  or  100  g^rains,  Utej 

KEtWl  ^^^^  ***  stronar  enough.  There  is  no  rule  required  for  placing  them  relatively 
to  the  lockinp-teeth,  only  they  may  as  well  be  opposite  to  these  teein 
n»  any  where  else.  P  P  are  the  pallets  whone  centre  of  moiion  is  the  sanje 
M  that  At  the  verg^e  Jit  a.  These  pallets  are  formed  so  as  to  have  the  arms 
8u0icienily  ^!iron«T,  and  at  the  sxime  lime  as  light  as  may  be.  llial  pari 
^here  tlie  arms  meet  at  the  angle  at  o,  has  a  steel  socket  made  out  of  the 
same  piece  a^  the  arms»  being  forged  together  in  this  manner.  The  socket 
ta  tanae  to  tit  Mell  on  the  verge,  on  which  it  is  only  twisted  fast,  and  is 
tinned  pretty  small  on  ilie  outside,  in  order  to  allow  the  arbors  of  the  detents  to 
be  laid  as  close  to  the  veri;e  as  may  be,  so  tlial  their  centres  of  motion  may 
coincide  as  nearly  a*  possible.  A  perfect  coincidence  of  the  ceulres  might 
he  obtained  by  usmp  a  hollow  cylindei  tot  the  verge,  with  the  detent-arbors 
running  in^^ide  of  il,  but  this  would  hare  occasioned  more  trouble,  Tliat 
ptrl  of  the  pallet  irame,  as  it  may  he  called,  in  which  is  set  the  stoue  for 
receiviuif  the  action  or  impulse  of  the  small  pm  teeth,  isform^-d  into  a  rect- 
vtgular  stiupe,  so  as  to  allow  room  for  a  dove-tail  groove,  into  which  the 
■lone  pullets  are  fixed,  as  may  be  seen  at  P  P,  fig.  528,  and  P,  fig.  529, 
which  also  ^ives  a  side  view  of  the  verge  at  c,  and  where  tJie  socket  of  llie 
fmlletj  IS  seen  as  fixed  on  the  verge.  At  B,  tig.  629,  is  seen  the  outer  end 
of  one  of  the  stone  pallets  made  flush  with  the  steel.  That  part  of  the  stone 
pallets  upon  which  the  pin  teeth  act,  may  be  seen  in  fig.  528.  where  they 
are  represenleti  in  their  respective  positions  relative  to  the  pin  tet-th.  Their 
^ape  or  form  i*  txactiy  that  which  gives  the  deid  beat.  In  fig.  528  are 
»ea  the  detents  d  rf,  whose  centre  of  motion  is  at  c  c.  lliey  are  fixed  on 
(heir  aibors  by  a  thin  steel  socket,  made  a:*  forged  with  the  detents,  much 
Id  tlie  Mune  way  as  the  pallets  were,  as  may  be  seen  at  c,  fig.  530.  which 
dwe»  a  Bide  view  of  one  of  the  detents  and  its  arlwr.  The  screws  e  «>//?  in 
Searms  of  the  fktents,  have  a  place  made  to  receive  them,  which  is  more 
Tidily  seen  in  fig.  530,  than  in  fig  528.  The  screws  g  e  serve  for  tlie  pur- 
|i09«  of  adjusting  that  part  of  the  'scaperoenl  connected  with  the  pallets 
pushing  the  detenu  out  from  locking  the  wheel,  by  means  of  locking  the 
Iteth.  Tlieerids  of  the  screws  e  e,  on  the  unlocking,  are  met  by  the  endi  of 
the  stone  palkts,  one  of  which  is  repraented  at  ft,  fig.  529.  Tlie  screws  // 
fecfm  to  adjust  tlic  locking  of  ttiL  wlteel-leedi  on  the  detents;  ^^  are  brass 
Tectyngular  pieces,  or  stud**,  which  iirK  fixed  to  the  inside  of  ihepdlar  frame 

»i  pUtts  and  may  be  near  an  inch  high.     The  ends  of  the  screws  //  rest  on 

the  -iiide  of  these  studs,  and  according  !i«  they  are  more  or  less  screwed 
lt*ri>ogh  at  the  ends  of  the  dc;t<:ntH,  so  much  less  or  more  hold  will  tlie  de- 
tent pif'ce  have  of  the  teeth,  Tliese  holding  pieces  of  the  detents  are  not 
r*"pre**ntpd  in  the  drawing,  as  ihey  wovdd  have  made  otlier  parts  of  it  rathei 
obscure.  They  are  made  of  stone,  and  are  fitted  in  by  means  of  a  dove- 
tail cut  in  a  piece  left  for  ihal  nurpose,  on  the  inside  of  the  deieut-arms,  a^ 
mav  ciiiily  be  conceived  from  the  drawing,  where  it  is  represented  in  pjurt  at 
ft  hg,  530 ;  and  is  in  the  line  across  the  arm  with  the  screw  c,  which  is 
close  by  the  edge  of  the  detent  stone  piece,  which  projects  a  bltle  beyond 
Ike  ttnd  of  the  'screw.  Kavmg  described  the  parts  of  the  'scnpement,  we 
thtU  now  explain  their  mode  of  action.  On  the  U'(^-band  side  tJre  pin  tooth 
«  represetiied  us  having  just  escaped  its  pallet,  as  seen  in  fig.  528 ;  but 

f>reviou»  to  iu  having  got  on  to  the  flanch  of  this  pallet,  let  us  conceivt;  that  the 
>ack  of  the  pallet,  or  end  piece  6  of  it,  had  come,  in  consequence  of  the 
motion  of  the  pendulum,  to  that  side,  and  opposing  the  screw  e,  which  is 
tn  the  detent  arm,  pushes  or  carries  it  on  with  it,  and  consequently  unlocks 
the  itxjih  of  the  wheel,  which  then  endeavours  to  get  forward,  but  th«  pin 


c 


4 


■ 


522 


THB  OPBILVTIW    MECHANIC 


tooth  at  this  instant  of  unlocking,  meeting  with  the  flanch  of  the  pallet  ut  the 
lower  edge  inside,  and  pushing  forward  on  tlie  flandi^  by  this  means  iVH 
l^els  the  penduUtm,  and  after  having  escaped  the  pallet,  the  next  lockJ^H 
tooth  is  received  by  the  detent,  on  thf  right-hand  side,  where  the  wheel  is  nol^' 
again  locked.  In  the  mean  time,  while  the  pendulum  is  describing  that  part  of 
Its  Wbration  towards  the  left  band  free  and  detached,  as  the  pallets  are  now  at 
liberty  to  move  freely  and  independently  of  the  small  piji  teeth,  on  the  return 
of  the  peudulura  to  the  right-band  ssde,  ihc  di'tent,  by  means  of  the  pallet  on 
that  side,  is  pushed  out  frum  locking  the  wheels  and  at  the  instant  of  unlock- 
ing, the  wheel  gets  forward,  and  the  pm  tooth  is  at  the  same  in&tant  ready 
to  get  on  the  flanchof  its  pallet,  and  gives  new  impulse  to  the  pendulum,  aj 
is  obrious  by  what  is  represented  in  the  drawing,  Bg.  528.  After  the  pia 
tooth  has  escaped  the  pallet,  the  wheel  is  again  locked  on  the  opposite  or 
left-hand  side  ;  the  pendulum  moves  on  to  the  right  freely  and  independently 
till  the  next  locking  on  ilie  left  takes  place,,  and  so  on.  It  may  be  observed, 
that  the  unlocking  takes  place  when  the  pendulum  is  near  the  lowest  point, 
or  point  of  rcst^  and  of  course  where  its  force  is  nearly  a  mawrnum. 

Without  attaching  any  thing  to  tfae  merita  of  this  *scape- 
ment,  we  may  remark'  that  the  clock  was  observed  from  time 
to  time  by  a  very  good  transit  instrument,  and,  during  a 
period  of  eighty-three  days,  it  kept  within  the  second,  with- 
out any  interim  apparent  deviation.  This  degree  of  time- 
keeping seemed  to  be  as  much  a  matter  of  accident  as  other- 
wise ;  and  cannot  reasonably  be  expected  from  this  or  any 
other  clock  as  a  fixed  or  settled  rate. 

This 'scapemcnt  being  a  detached  or  free  'scapemcnt,  can 
pleasure  be  converted  into  a  recoiling  or  dead  beat  one,  withoi 
so    much  as   once   disturbing  or  stopping  the   pendulum  a 
single  vibration.     To  make  dead  beat  of  it,  put  in  a  peg  of 
wood)  or  small  wire,  to  each,  so  as  to  raise  the  detents  free  of 
the  jMllets ;  and  these  being  left  so  as  to  keep  tliem  in  the 
position,  the  pin-teeth  will  now  fall  on  the  circular  parts  of 
the  pallets,  and  so  on  to  the  flanch^  and  the  'scaptunent 
then,  to  all  intents  and  purposes,  a  dead  beat  one.     To  mak< 
a  recoiling  one  of  it,  let  there  be  fixed  to  each  arbor  of  the 
detents,  a  wire  to  project  horizontally  from  them  about  3i  or 
4  inciies  long ;  the  outer  ends  of  the  wires   must  be   tapped 
about  half  an  inch  in  length  j  provide  two  small  brass  balls, 
lialf  an  ounce  weight  each,  having  a  hole  through  them,  and] 
tapped  so  as  to  screw  on  the   wires ;  the  balls  can  be  put 
more  or  less  home^  and  be  adjusted  proportionably  to  the] 
force  of  the  clock  on  the  pendulum.    No  recoil  will  be  seen  oi 
the  seconds*  hand ;   yet  these  will   alternately  oppose  ant 
assist  the  motion  of  the  pendulum,  as  much  as  any  recoilini^ 
pallets  can  possibly  do  ;  and  as  their  efforts  on  the  pendulum 
will  be  exactly  the  same,  it  may  be  considered  as   a  goodj 
recoiling  'scapement*     This  sort  of  detached  'scapement,  by 
bi:connng  a  dead  beat,  or  a  recoiling  one,  at  any  time  when 
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required,  makes  it  convenient  far  making  various  expenmenU 
\vith  the  different  'scapements. 

Another  *scapcnient,  in  which  a  considerable  degree  of 
bgenuity  is  united  with  compai'ative  simplicity,  is  that  of 
Air.  De  Lafons.  The  inventor's  description,  and  some  of  hta 
observations,  as  presented  to  the  Society  of  Arts,  are  as 
follows : 

'•Although  Ihe  givins;  of  an  equal  impulse  to  the  balance  has  been 
already  most  ingeniously  done  by  Mr.  Mud^e  and  Mr.  Haley,  (from  whose 
great  merit  I  would  not  wish  lo  detract.)  yet  the  extreme  difficulty  and 
flcpeDM  atteDding  the  tirst,  and  tlje  very  compound  locking  of  the  second, 
mder  them  far  from  completing  the  desired  object. 

**The  perfections  and  advantages  arising  from  my  improvements  on  the 
remontoire  detached  's5c;iperaenl  for  chronometers,  which  gives  a  perfectly 
equal  impulse  to  the  balance,  and  not  only  entirely  removes  whatever 
iiregulannes  arise  from  the  different  states  of  fluidity  in  the  oil,  from  the 
train  of  wheels,  or  from  the  mainspring,  but  does  it  in  a  simpler  way  than 
any  with  which  I  am  acquamted.  I  trust  it  will  not  be  thought  improper 
in  me  to  answer  some  objections  made  at  tlie  examinaiions  before  the 
committee,  as  I  am  fully  persuaded  llie  more  mathematically  and  crilically 
Ihe  improvemenis  are  invesiigated,  the  more  perfect  they  will  prove  to  be. 

**  It  was  first  observed,  that  my  method  clid  not  so  completely  detach 
thir  train  of  wheels  from  the  balance  as  another  'scapement  then  referred 
to*  I  beg  leave  to  remark,  that  the  train  of  wheels  in  mine  is  prevented 
pressing  against  Uic  locking  by  the  whole  power  of  the  remontoire- 
ijg  ;  so  ttiat  the  balance  has  only  to  remove  the  small  lemaining  pressure^ 
does  away  that  objection,  and  also  that  of  the  disadvantage  of 
,  as  this  locking  may  be  compared  to  a  light  balance  turning  oa 
ivots,  without  a  pendulum-spring ;  and  has  only  the  advantage  of 
ung  safe  at  two  turns  of  the  balance,  and  of  being  firmer,  and  less 
litble  to  be  out  of  repair,  than  any  locking  where  spring-work  is  used,  but 
likewise  of  unlocking  with  much  less  power.  It  was  then  observed,  it 
required  more  power  to  make  it  go  than  usual.  Permit  me  to  say,  it 
lire'*  no  more  power  than  any  other  remontoire-'scaperaent,  as  the 
mr  is  applied  in  the  mott  mechanical  manner  possible.  And,  lastly,  it 
taid,  that  it  set  or  required  the  balance  to  vibrate  an  unusually  large 
aidi  before  the  piece  would  go.  This  depends  on  the  accuracy  of  the 
I,  the  proportionate  diameter  and  weight  of  the  balance,  the 
of  the  remontoire-spring,  and  tlie  length  of  the  pallets.  If  these 
tances  are  well  attended  to,  it  wiU  set  but  little  more  than  the  most 
fmeralty  detached  'scapements/* 
A  shows  the  scape- wneel,  fig-  534. 

Bp  the  lever-paUet^  or  an  arbor  with  fine  pivots,  having  at  the  lower 
tftd. 
C. 
pen-i 


ntotre  or  spiral  sprbg  fixed  with  a  collar  and  stud,  a* 
'"S  are» 


I),    .-.  ,..i,...i  of  the  verge,  having  a  roller  turning  in  small  pivots  for  the 
levcr-pallei  to  act  aijiimst. 

E,  pallets  lo  disdiarge  the  locking,  with  a  roller  between,  as  in  fig.  535. 

F,  file  ann  of  the  locking-pallet  tontinued  at  the  other  end  to  make  it 
ptiiie,  having  studs  and  screws  to  adjust  and  bank  the  quantity  of  motion. 

«  and  b,  the  locking-pallets,  being  portions  of  circles,  fastened  on  ao 


•oil 


ivoto. 
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G,  the  triple  fork,  at  the  end  of  the  ann  of  the  locking^p«Uet8. 

'*  The  centre  of  the  lever-pallet  in  the  draft,  is  in  a  right  line  between 
the  centre  of  tlie  scape-wheel  and  the  centre  of  the  verge,  though  in  the 
model  it  is  not :  but  may  be  so  or  not,  as  best  suits  the  calliper,  &c. 

**  The  scape-wheel  A,  with  the  tooth  1,  is  acting  on  the  lever-pallet  B, 
and  has  wound  up  the  spring  C;  the  verge  pallet  D  (turning  the  way 
represented  by  the  arrow)  the  moment  it  comes  within  the  reach  of  the 
lever-pallet,  the  discharging  pallet  ]L,  taking  hold  of  one  prong  of  the  fork, 
lemoves  the  arm  F,  and  relieves  the  tooth  3  from  the  convex  part  of  the 
lock  a.  The  wheel  goes  forward  a  little,  just  sufficient  to  permit  the  lever- 
pallet  to  pass,  while  the  other  end  gives  the  impulse  to  the  balance :  the 
tocth  4  or  the  wheel  is  then  locked  on  the  concave  side  of  the  lock  6, 
and  the  lever-pallet  is  stopped  against  the  tooth  5,  as  in  Ag.  536.  So 
far  the  operation  of  giving  the  impulse,  in  order  again  to  wind  the 
remontoire-spring,  (the  other  pallet  at  £,  in  the  return,  removing  the  arm  F 
the  contrary  direction,)  relieves  the  tooth  3  from  the  lock  b.  The  wheel 
again  goes  forward,  almost  the  whole  space,  from  tooth  to  tooth,  winds  the 
spiml  spring  again,  and  comes  into  the  situation  of  fig  534,  and  thus  the 
whole  performance  is  completed.  The  end  of  the  lower  pallet  B  resting  on 
the  pomt  of  the  tooth  1,  prevents  the  wheel  exerting  its  full  force  on  the 
lock  a,  as  in  fig.  534.  Tlie  same  effect  is  produced  by  the  pallet  lying  on 
the  tooth  5,  by  preventing  the  wheel  from  pressing  on  A ;  and  thus  the 
locking  becomes  the  tightest  possible.  This  'scapement  mny  be  much 
simplified  bv  putting  a  spring  with  a  pallet  made  in  it,  as  in  fig.  534, 
instead  of  the  lever-pallei  and  spiral  spring.  The  operation  will  be  in 
other  respects  exactly  the  same,  avoiding  the  friction  of  the  pivots  of  the 
lever-pallet.  Tliis  method  I  prefer  for  a  piece  to  Se  in  a  state  of  rest,  as  a 
clock,  but  the  disadvantage,  from  the  weight  of  the  spring  in  different 
positions,  is  obvious.  The  locking  may  be  on  any  two  teeth  of  the  wheel, 
as  may  be  found  most  convenient." 

PENDULUMS. 

The  pendulum  is  a  simple  ponderous  body,  so  suspended, 
that  it  may  swing  backwards  and  forwards,  about  some  fixed 
point,  by  the  mere  force  of  gravity. 

These  alternate  ascents  and  descents  of  the  pendulum  are 
called  its  oscillations,  or  vibrations ;  each  oscillation  being 
the  arc  which  the  pendulum  debcribes  from  the  highest  point 
on  one  side  to  the  highest  point  on  the  other  side.  The  point 
round  which  the  pendulum  moves,  or  vibrates,  is  called  the 
axis  of  suspension,  or  centre  of  motion  ;  and  a  right  line  drawn 
through  the  centre  of  motion,  parallel  to  the  horizon,  and  per- 
pendicular to  the  plane  in  which  the  pendulum  moves,  is  called 
the  axis  of  oscillation.  There  is  also  a  certain  point  within 
every  pendiilum,  into  which,  if  all  the  matter  that  composes 
the  pendulum  were  collected,  or  condensed,  as  into  a  point, 
the  tiuies  in  which  the  vibrations  would  be  performed  would 
not  be  altered  by  such  condensation ;  and  this  point  is  called 
the  centre  of  oscillation.  The  length  of  the  pendulum  is 
always  estimated  by  the  distance  of  this  point  below  the 
centre  of  motipn,  being  usually  near  the  bottom  of  the  pen- 
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duium ;  but  in  a  slender  cylinaer,  or  any  other  uniform  prism 
or  rod  suspended  at  tlie  top,  it  is  at  the  dii^tance  of  one-third 
from  tfie  hottom,  or  two-thirds  below  the  centre  of  motion. 

The  lent^th  of  u  pendulum,  so  measured  to  its  centre  of 
Obcillation  that  it  will  perform  each  viUratiun  in  a  second  of 
time,  thence  called  the  seconds'  pendulum,  has,  in  the  latitude 
of  L#ondon,  been  generally  taken  at  3i>yo  or  39f  inches  ; 
but  by  some  very  ingenious  and  accurate  experiments,  the 
hue  celebrated  Mr.  George  Graham  found  the  true  length  ta 
be  •'J9v./nV  inches,  or  39i  inches  very  nearly. 

The  length  of  the  pendulum  vibniting  secondii  at  Paris 
uaii  found  by  Varin,  Dcs  Hays,  De  Glos,  and  Godin,  to  be 
440^  lines;  by  Picard,  4404  lines;  and  by  Mairan,  44()i i  lines. 

As  all  wooils  and  metals  are  more  or  less  affected  by  changes 
of  temperature,  many  ingenious  contrivances  have  been  re- 
swted  to,  to  counteract  the  effects  of  heat  and  cold,  in  length- 
ening or  shortening  a  pendulum-rod. 

The  first  person  who  observed  that,  by  change  of  tempera- 
lure,  metals  changed  their  length,  was  feodfroi  Wendelinus ; 
af\d  lie  who  first  endeavoured  to  take  advantage  of  this  know- 
ledge, to  counteract  the  effects  of  heat  and  cold  upon  a  pen- 
dulimi,  was  Grdham,  who,  in  the  year  l/l^*  suggested  that 
ti  combination  of  rods  or  wires  of  different  metals  would  have 
a  tendency  to  that  effect ;  but  being  of  opinion  that  this  would 
not  be  quite  adequate  to  the  desired  purpose,  lie  did  never, 
we  believe,  put  it  in  execution.  Still  continuing  his  observa- 
tions, he,  a  short  time  afterwards,  conceived  that  mercury, 
from  its  great  expansion  by  heat,  was  more  adapted  to  tlie 
end  he  was  pursuing,  and  accordingly  we  find,  that,  by  the 
9th  of  June,  17^-?  he  had  constructed  a  clock  which  had  a 
pendulum  upon  this  principle,  and  which  he  kept  continually 
going,  without  having  eitlier  the  pendulum  or  the  hands 
altered,  for  the  space  of  three  years  and  four  months,  during 
which  he  found  the  errors  of  his  were  but  about  one-eighth 
part  of  those  of  one  of  the  best  sort  of  common  clocks,  with 
which  he  had  compared  it.  This  pendulum,  which  is  called 
the  fiterctinal  pemlulnnij  consists  of  a  rod  of  brass,  branched 
towards  the  lower  end,  so  as  to  embrace  a  cylindric  glass  jar 
13  or  14  inches  long,  and  about  two  inches  diameter;  which, 
being  filled  about  12  inches  deep  with  mercury,  forms  the 
weight  or  bull  of  the  pendulum.  In  adjusting  this  pendulum, 
if  the  expansion  of  the  rod  be  too  great  for  that  of  the  mer- 
cury, more  mercurj'  must  be  poured  into  the  vessel ;  but  if 
the  expansion  of  the  mercury  exceed  that  of  the  rod,  so  as 
to  occiusiun  the  dock  to  go  fast  with  heat,  ssome  of  the  merr*"^ 
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must  be  taken  oat,  to  shorten  the  column.  This  penduluoii 
though  troublesome  to  construct,  because  any  filling  in  or 
taking  out  of  the  mercury  from  the  cylinder  or  glass  jar,  to 
bring  about  the  compensation,  will  cause  a  change  of  place 
in  the  index-point  on  the  graduated  arch  or  index-plate^  if 
such  a  thing  be  used,  is,  notwithstanding  some  defect  may 
arise  from  the  expansion  of  the  mercury  commencing  sooner 
than  that  of  the  rod,  of  much  practical  excellence.  The  mer- 
curial pendulum  has  been  much  improved  by  Reid ;  for  an 
account  of  which  we  must  refer  our  readers  to  the  article 
'*  Horology,'*  written  by  this  gentleman,  and  inserted  in  the 
Mdin h urgk  Ency chpts dia, 

Mr.  Harrison,  of  whom  we  have  already  spoken  under  the^ 
article  Chronometers,  some  time  previous  to  17^3  constructed^ 
a  pendulum  in  which  the  compensation  was  effected  by  thi 
opposite  contraction  of  diOerent   metals.     This   pendulum^j 
caUed  tlic  gridiron-pendulmn^  from,  we  suppose,  its  beariu|^ 
a  near  resemblance  to  the  culinary  implement  of  that  name, 
was  made  of  five  steel  aiul  four  brass  rods,  placed  in  altemat 
order,  Uie  middle  rod,  by  which  the  pendulum-ball  is  bus- 
peudcd,  being  of  steel.     These  rods  are  so  connected  wit 
each  other  at  their  ends,  that  whUe  the  expansion  of  the  stei 
rods  has  a  tendency  to  lengthen  the  pendulum,  the  expansion] 
of  the  brass  rods,  acting  upwards,  tends  to  shorten  it,  so  tbi 
by  the  combined  effect  the  pendulum  is  invariably  preservei 
of  the  same  length.    This  is  a  very  ingenious  and  simpli 
contrivance,  and  the  only  objections  we  have  heard  urged 
against  this  mode  of  compensation  are,  1st.  the  difficulty  of 
exactly  adjusting  the  length  of  the  rods  ;    2dly.  of  propor- 
Uonitig  their  thickness,  so  that  they  shall  all  begin  to  con- 
tract  or  expand  at  the  same  instant ;  3dly.  the  connecting 
bars  of  a  pendulum  thus  constructed  are  apt  to  move  by  starts; 
4thly.  this  kind  of  pendulum  is  more  exposed  to  the  air's 
resistance  than  a  simple  pendulum. 

Other  modes  of  constructing  pendulums  on  the  principle  of 
the  opposite  contraction  of  metals  have  been  contrived  byj 
other  ingenious  artists,  among  whom  we  may  notice  ElUcott,.' 
Cuumiing,  Troughton,  Held,  and  Ward, 

In  Ellicott's  pendulum  the  ball  watj  adjustable  by  leversi 
thence  called  the  lever-pendulum,,  which  can  never  be  cqi 
to  those  in  which  the  expansion  and  contraction  act  by  con- 
tact in  the  direct  line  of  the  pendulum-rod  ;  the  constructioi 
nevertheless  evinced  great  ingenuity.  The  rod  of  this  pen- 
dulum was  composed  of  two  bars,  one  of  brass,  and  the  other| 
of  steel.    It  had  two  levers^  each  sustaining  its  half  of  the 
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ball  or  wdgbt,  with  a  spring  under  the  lower  paff^tfic  ball 

to  relieve  the  levers  from  a  coDsitierable  part  of  its  weight, 

^and  so  to  render  their  motion  more  smooth  and  easy.    These 

jvers  were  placed  within  the  ball,  and  each  had  an  adjusting 

iw  to  lengthen  or  shorten  the  lever,  so  as  to  render  the 

Ijustment   the   more   perfect.     See  the  Philos.  Trtmsaci. 

|toL  xlvii,  p*  479 ;  where  Mr.  Ellicott's  methods  of  constnic- 

don  are  described  and  illustrated  by  figures. 

This  pendulum  was  much  improved  by  Gumming,  who 

iceived  that  where  there  were  two  bai*s  only,  a  flexure  and 

(equal  bearing  would  take  place,  and  consequently  an  exact 

unpen sation   could  not  be  effected.     To  remedy  tliis,  he 

mstructed  a  pendulum  of  one  flat  bar  of  brass,  and  two  Imrs 

steel  J  and  used  three  levers  within  the  ball  of  the  pendulum, 

rhercas  Mr.  Ellicott  used  only  two.     Among  many  other 

igenious  contrivances  forllic  more  ticcurate  adjusting  of  this 

idulum  to  mean  time,  it  is  provided  with  a  small  ball  and 

;rew  below  the  princip^d  ball  or  weight,  one  entire  revolu- 

m  of  which  on  its  screw  will  only  alter  the  rate  of  the 

jk's  going  one  second  per  day ;   and  its  circumference  is 

ided  into  30,  one  of  which  divisions  will  tlierefore  alter  its 

of  going  one  second  in  a  month, 
Trougliton*8  tubular -pendtdum^  ^vhich  acts  on  the  prin- 
>le  of  the  gridiron-pendulum,  is  a  very  neat  and  ijigetiious 
itrivance.     It  is  constructed  of  an  exterior  tube  of  brass, 
"ftaching  from  the  bob   nearly  to  the  top,  within  which  is 
mother  tube,  and  five  brass  wires  in  its  belly,  so  disposed  as 
produce   idtogether,  (like  Harrison's  gridiron-pendulum,) 
!e  expansions  of  steel  downwards,  and  two  of  brass  up- 
irds,  whose  lengths  being  inversely  proportioned  to  their 
Uttation,  when  properly  combined,  destroy  the  whole  effect 
lat  either  metal  would  have  singly.     The  small  visible  part 
the  rod,  netir  the  top,  is  a  brass  tube,  whose  use  is  to  cover 
ic  upper  end  of  the  middle  wire,  which  is  single,  and  other- 
rise  unsupported.     Drawings  of  this  pendulum  may  be  seen 
Nkhols&n\  Jmtrnul^  No.  3(5,  N.S. 

Reid's  pendulum  is  composed  of  a  zinc  tube,  and  three  long 

\6l  one  short  steel  rods,  connected  by  means  of  traverses. 

*wo  of  these  long  rods  are  inserted  at  one  end  in  the  ball  of 

\t  pendulum,  and  terminate  at  the  other  in  the  upper  tra- 

ie,  which  keeps  them  exactly  parallel  with  respect  to  etich 

*other.     At  the  lower  ends  of  these  rods,  not  far  above  the 

ball,  is  another  traverse,  in  the  middle  of  which  the  short 

Bteel  rod  is  pinned,  descending  thence  thrrmgh  the  centre  of 

the  ban.     Another  traverse  is  placed  a  little  alxive  this,  on 
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tKe  centre  of  which  the  xhic  tube  rests,  extending  upM  anls, 
and  pressing  against,  or  rather  pressed  by  the  upper  tniverse. 
The  third  or  centre  steel  rod  passes  through  a  hole  in  the 
npper  traverse,  equidistant  Iruni  each  of  tlie  other  tuo  steel 
rods,  thence  down  the  zinc  tube,  and  finally  is  pinned  to  the 
second  traverse,  or  that  traverse  on  which  tlie  zinc  tube  rests. 
By  thiii  means,  the  centre  steel  rod,  when  lengthened  by  Iieat, 
will  make  the  lower  end  of  the  zinc  tube  descend  with  it  j 
but  the  same  cause  which  lengthens  the  steel  rod  downwardti 
will  expand  the  zinc  tube  upwards,  and  tins  will  carry  up  the 
two  outside  nteel  rods  with  which  the  ball  of  the  pendulum  is 
connected  j  their  expansion  downwards,  as  well  as  that  ol 
the  centre  rod,  is  compensated  by  the  upward  expansion 
the  zinc  tube.  In  constructing  a  pendulum  upon  this  prii 
ciple,  it  would  be  proper  to  have  a  few  holes  in  the  tube,  for 
the  purpose  of  admitting  air  more  freely  to  the  centre  rod. 
Ward's  pendulum  consists  of  two  flat  bars  of  steel,  and  oi 
of  zinc,  connected  together  by  three  screws.  The  descripl 
which  has  been  given  of  it  in  the  Transactions  of  the  Socic 
of  Arts,  SiC>  for  the  year  1807,  and  the  pamphlet  whi< 
Mr*  Ward  published  at  Blandford  in  1 806,  contain  suffici^ 
details  to  enable  any  common  clock-maker  to  copy  it. 

Before  we  conclude  this  article,  we  shall  briefly  notice 
sympathy  or  mutual  action  of  the  pendulums  of  clocks. 

It  is  now  nearly  a  century  since  it  was  known  that  when 
two  clocks  are  set  agoing  on  the  same  shelf,  they  will  disturb 
each  other;  that  the  pendulum  of  the  one  will  stop  that  of 
the  other ;  and  that  the  pendulum  whicli  was  stopped  will, 
after  a  while,  resume  its  vibrations,  and,  in  its  turn,  stop  that 
of  the  other  clock,  as  was  observed  by  the  late  Air.  Jol 
£llicott,  When  two  clocks  are  placed  near  one  another, 
cases  very  slightly  fixed,  or  when  they  sttmd  on  the  tlii 
boards  of  a  floor,  it  has  been  long  known  that  they  will  aflt'ct 
a  little  the  motions  of  each  other's  pendulum.  Mr.  Ellict 
ohsen'ed,  that  two  clocks  resting  against  ihe  ^ame  rail,  whi< 
agreed  to  a  second  for  several  days,  varied  1'  iJty"  in  twent] 
four  hours  when  separated.  The  slower  having  a  luu 
pendulum,  set  the  other  in  motion  in  16i  minutes,  and 
utopped  itself  in  36'.  minutes. 
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BUILDING. 


Under  this  general  term,  which  implies  the  constnaction 
of  an  edifice  according  to  the  rules  laid  down  by  the  differ- 
ent artificers  employed,  we  purpose  to  treat  of  the  respect- 
ive business  of  the  Mason,  Bricklayer,  Carpenter,  Joiner, 
Plasterer,  Plumber,  Painter,  and  (ilazier;  previous  to  which 
it  will  be  necessary  to  consider  the  sinking  of  the  foundation, 
tlie  due  mixture  of  the  ingredients  which  compose  the 
mortar,  and  the  art  of  making  bricks  ;  upon  the  whole  of 
which  materiatly  depends  the  stability  of  an  edifice. 

As  firmness  of  foundation  is  indispensable,  wherever 
H  is  intended  to  erect  a  building,  the  earth  must  be  pierced' 
by  an  iron  bar,  or  struck  witli  a  rammer,  and  if  found  to 
thake,  must  be  bored  with  a  well-sinker's  implement,  in 
order  to  ascertain  whether  the  shake  be  local  or  general. 
If  the  soil  is  in  general  good,  the  loose  and  soft  parts,  if 
Itiot  very  deep,  must  be  excavated  until  the  labourers  arrive 
[it  a  iolid  bed  capable  of  sustaining  the  pier  or  piers  to  be 
built.  U  not  very  loose,  it  may  be  made  good  by  ramming 
into  it  very  large  stones,  packed  close  together,  and  of  a 
bimdth  proportionate  to  the  intended  weight  of  the  build- 
\ag  ;  but  where  veiy  bad,  it  must  be  piled  and  planked. 

In  places  where  the  soil  is  loose  to  any  great  depth,  and 
over  which  it  is  intended  to  place  apertures,  such  as  doors, 
windows,  &c.  Avhile  the  parts  on  w^hich  the  piers  are  to 
stand  are  firm,  the  best  plan  is  to  turn  an  inverted  arch  wi- 
der each  intended  aperture,  as  then  the  piers  in  sinking  will 
CMry  with  them  the  inverted  arch,  and  by  compressing  the 
ground  compel  it  to  act  against  ibe  under  sides  of  the  arch, 
which,  if  closely  jointed,  so  far  from  yielding,  will,  with 
the  abutting  piers,  operate  as  one  solid  body  ;  but,  on  the 
contrary,  if  this  expedient  of  the  inverted  arch  is  not 
adopted,  the  part  of  the  wall  under  the  aperture,  being  of 
less  height,  and  consequently  of  less  weight  than  the  piers, 
will  give  way  to  the  resistance  of  the  soil  acting  on  its  base, 
and  not  only  injure  the  brick- work  between  the  apertures, 
bat  fracture  the  windnw-headi  and  cills. 

2h 
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In  constructiDg  so  essential  a  part  as  the  arch,  great  at- 
tention must  be  paid  to  its  curvature,  and  we  strongly  re- 
commend the  parabolic  curve  to  be  adopted,  as  the  most 
effectual  for  toe  purpose ;  but  if,  in  consequence  of  its 
depth,  this  cannot  conveniently  be  introduced,  the  arch 
should  never  be  made  less  than  a  semi-circle.  The  bed  of 
the  piers  should  be  as  uniform  as  possible,  for,  though  the 
bottom  of  the  trench  be  very  firm,  it  will  in  some  degree 
yield  to  the  great  weight  that  is  upon  it,  and  if  the  soil  be 
softer  in  one  part  than  in  another,  that  part  which  is  the 
softest,  of  course  will  yield  more  to  the  pressure,  and  cause 
a  fracture. 

If  the  solid  parts  of  the  trench  happen  to  be  under  the  in- 
tended apertures,  and  the  softer  parts  where  piers  are  want- 
ed, the  reverse  of  the  above  practice  must  be  resorted  to ; 
that  is,  the  piers  must  be  built  on  the  firm  parts,  and  have 
an  arch  that  is  not  inverted  between  them.  In  performing 
this,  attention  must  be  paid  to  ascertain  whether  the  pier 
will  cover  the  arch ;  for  if  the  middle  of  the  pier  rest  over 
the  middle  of  the  summit  of  the 'arch,  the  narrower  the 
pier  is,  the  greater  should  be  the  curvature  of  the  arch  at 
its  apex.  When  suspended  arches  are  used,  the  intrados 
ought  to  be  kept  clear  of  the  ground,  that  the  arch  may 
have  its  due  effect. 

When  the  ground  is  in  such  a  stat<;  as  to  require  the  foun- 
dation merely  to  be  rammed,  the  stones  arc  hammer-dress- 
cd,  so  as  to  be  as  little  taper  as  possible,  then  laid  of  a 
breadth  proportioned  to  the  weight  that  is  to  be  rested  upon 
them,  and  afterwards  well  rammed  together.  In  genera], 
the  lower  bed  of  stones  may  be  allowed  to  project  about  a 
foot  from  the  face  of  the  wall  on  each  side,  and  on  this  bed 
another  course  may  be  laid  to  bring  the  bed  of  stones  on  a 
level  with  the  top  of  the  trench.  The  breadth  of  this 
upper  bed  of  stones  should  be  four  inches  less  than  the  lower 
one ;  that  is,  projecting  about  eight  inches  on  cither  side 
of  the  walL  In  all  kinds  of  walling,  each  joint  of  every 
course  must  fall  as  nearly  as  possible  in  the  centre,  be- 
tween two  joints  of  the  course  immediately  below  it ;  for 
in  all  the  various  methods  of  laying  stones  or  bricks,  the 
principal  aim  is  to  procnre  the  greatest  lap  on  each  other.    , 

MORTAR. 

In  making  mortar,  particular  attention  must  be  paid 
to  the  quality  of  the  seuid,  and  if  it  contain  any  proper- 
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or  mud,  or  is  brought  from  the  sea-shore  and 
:ne  pnrticlcs,  it  must   be  washed  in  a  stream 
ir  water  tiU  it   be  divested  of  its  impurities.    The 
»ty  of  the  first  has  been  clearly  proved  by  Mr.  Smeaton, 
lo,  in  the  course  of  a  long  and  meritorious  attention  to 
profession  of  an  en^ncer,  has  found,  that  when  mortar, 
►ugh  otherwise  of  the  best  qualit)-,  is  mixed  with  a  small 
r  unburnt  clay,  it  never  acquires  that  hardness 

Jl. ut  it,  it  would  have  attained  J  and,  with  respect 

LUid,  it  is  evident,  tiiat  se  long  as  the  sand  contjiins 

tides  it  cannot  become  hard  and  dry.    The  sharper 

id  coarser  the  sand  is  the  better  for  the  mortar,  and  the  less 

I'lantity  of   lime   to  be   used;    and  sand  being  the 

of  the   ingredients  which   compose  the  mortar, 

ui**re  profitable  to  the  maker.     The  exact  proportions 

and  sand  are  still  undetermined  ;  but  in  general  no 

le  is   required  than  is  just  sufficient  to  surround 

is   of  the    sand,   or  suliicient  to    preserve  the 

ssan-  degree  of  plasticity. 

MortaV,  iu  which  sand  forms  the  greater  portion  requires 

water  in  its  preparation,  and  consequently  is  sooner 

It  is  also  harder  and  less  liable  to  shrink  in  drying, 

iiwc  the  lime,  while  drying,  has  a  greater  tendency  to 

than  sand,  which  retains   its   original   magnitude. 

•neral  proportions  given  by  the  London  builders  is  IJ 

or  37  bushels,  of  lime  to  24  loads  of  sand ;  but  if 

iper  measures  be  taken  to  procure  the  best  burnt  lime 

id  the  best  sand,  and  in  tempering  the  materials,  a  greater 

^rCion   of   sand  may  be   used.     There  is   scarcely  any 

ir  that  has  the  lime  well  calcined,  and   the  com- 

ition   well  beaten,  but  that  will   be  found   to   require 

ro  parts  of  sand  to  one  part  of  unslacked  lime  5  and  it  ia 

ly  of  observation,  that  the  more  the  mortar  is  beaten 

j«s  proportion  of  lime  suffices. 

my  experiments  have  been  made  with  a  view  to  obtain 
I08t  useful  proportion  of  the  ingredients,  and  among 
rest  Dr  Higgins  has  given  the  following : — 

Lime  newly  Blacked  one  part» 
Fine?  »3n«i  three  jmrtg ;  and 
d»a«e  aatid  four  parti. 

M-  !  Iso  found  that  one-fourth  of  the  lime  of  bone-asbcs 
mprovcd  the  mortar,  by  giving  it  tenacity,  and  ren- 


s  liable  to  crack  in  the  drying. 
LO  slack  the  lime  in  small  quantities 
2m2 
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for  use,  about  a  bushel  at  a  time,  in  order  to  secure  to  the 
mortar  such  of  its  qualities  as  would  evaporate  were  it 
aUowed  to  remain  slacked  for  a  length  of  time.  But  if  the 
mortar  be  slacked  for  any  considerable  time  previous  to 
being  used,  it  should  be  kept  covered  up,  and  when  wanted 
be  re-beaten.  If  care  be  taken  to  secure  it  from  the  action 
of  the  atmosphere,  it  may  thus  remain  covered  up  for  a 
considerable  period  without  its  strength  being  in  the  least 
affected ;  and,  indeed,  some  advantages  are  gained,  for 
it  sets  sooner,  is  less  liable  to  crack  in  the  drying,  and  is 
harder  when  dry. 

Grout,  which  is  a  cement  containing  a  larger  proportion 
of  water  than  the  common  mortar,  is  used  to  run  into  the 
narrow  interstices  and  irregular  courses  of  rubble-stone 
walls ;  and  as  it  is  required  to  concrete  in  the  course  of  a 
day,  it  is  composed  of  mortar  that  has  been  a  long  time 
made  and  thoroughly  beaten. 

Mortar,  composed  of  pure  lime,  sand,  and  water, 
may  be  employed  in  the  linings  of  reservoirs  and  aque- 
ducts, provided  a  sufficient  time  is  allowed  for  it  to  dry 
before  the  water  is  let  in ;  but  if  a  sufficient  time  is  not 
allowed,  and  the  water  is  admitted  while  the  mortar  is  wet^ 
it  will  soon  fall  to  pieces.  There  are,  however,  certain  in- 
gredients which  may  be  put  into  the  common  mortar  to 
make  it  set  immediately  under  the  water ;  or,  if  the  quick- 
lime composing  the  mortar  contain  in  itself  a  certain  por- 
tion of  burnt  clay,  it  will  possess  this  properly.  For  further 
information  on  this  head  the  reader  is  rcfened  to  the 
sub-head — Pldstering, 

BRICKS. 

The  earth  best  adapted  for  the  manufacture  of  brick  is  of 
a  clayey  loam,  neither  containing  too  much  argillaceous  mat 
ter,  which  causes  it  to  shrink  in  the  drying,  nor  too  much 
sand,  which  has  a  tendency  to  render  the  ware  both  heav'^ 
and  brittle.  It  should  be  dug  two  or  three  years  before  it 
is  wrought,  that  it  may,  by  an  exposure  to  the  action  of  the 
atmosphere,  lose  the  extraneous  matter  of  which  it  is  pos- 
sessed when  first  drawn  from  its  bed  ;  or,  at  least,  should 
be  allowed  to  remain  one  winter,  that  the  frost  may  mellow 
and  pulverize  it  sufficiently  to  facilitate  the  operation  of 
tempering.  As  the  quality  of  the  brick  is  greatly  dependent 
upon  the  tempering  of  the  clay,  great  care  should  be  taken 
to  have  this  part  of  the  process  well  done.  Formerly  the 
manner  of  performing  it  consisted  in  throwing  the  clay  into 
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y  «M4««  subjecting  it  to  the  tread  of  men  and 
oxcij  ;  but  this  method  htis  of  late  beeu  superseded  by  the 
ilaiy  or  pug  miUy  vrhich  is  a  very  eligible,  though  simple 
machine. 

The  cbiy  or  pug  mill  consists  of  a  large  vertical  cone, 
lia^ing  strong  knives  with  a  spiral  arrangement  and  inclina- 
tsoii  tixed  on  its  internal  surface.  Passing  through  the 
centre,  and  terminating  in  a  pivot  at  the  bottom,  is  a  strong 
por|H?ndicular  shaft  with  similar  radiating  knives,  so  that 
the  knives  by  the  revolution  of  the  shaft,  cut,  separate^  and 
piirifv  the  clay,  till  it  be  reduced  to  a  homogeneous  paste, 
which  passes  through  an  orifice  at  the  bottom  into  a  receiver 
(iluced  for  that  purpose.  The  clay  is  taken  from  the  re- 
ceiver to  the  moulder's  bench,  and  is,  either  by  a  lad  or  a 
woman,  cut  into  pieces  somewhat  larger  than  the  mould, 
and  passed  on  to  the  moulder,  who  works  it  into  a  mould, 
previously  dipped  in  sand,  and  strikes  off  the  superfluous 
ports  witii  a  flat  smooth  piece  of  wood.  In  this  country  the 
mould  used  is  about  ten  inclies  in  length,  and  five  inches  in 
brtriuith,  and  the  bricks  when  burnt  are  about  nine  inches 
long,  four  and  a  half  inches  broad,  and  two  and  a  half  inches 
thick.  The  degree  of  shringing,  however,  is  various,  ac- 
cording to  the  temper  and  purity  of  the  clay,  and  the  de- 
frrcv  of  heat  attained  in  the  burning.  A  handy  moulder  Is 
calculated  to  mould  from  about  SCKM)  to  7000  per  day.  From 
tlic  moulder's  bench  the  bricks  arc  canicd  to  the  hack,  and 
arranged  somewhat  diagonally,  one  above  the  other,  and  two 
edgewise  across,  with  a  passage  between  the  heads  of  each 
for  the  admission  of  air,  till  they  be  eight  bricks  in  height. 
They  are  then  left  to  drj'.  The  time  they  take  ere  they  re- 
reqnire  shifting  depends  entirely  upon  the  weather,  which 
when  fine  will  be  but  a  few  days  :  they  are  then  turned  and 
rennet  wider  apartj  and  in  six  or  eight  days  are  ready  for  the 
damp  or  kiln. 

Claiups  are  generally  used  in  the  vicinity  of  London. 
They  are  made  of  the  bricks  to  be  burnt,  and  are  commonly 
of  an  oblong  form.  The  foundation  is  made  either  with  the 
ilrie^il  iif  the  bricks  just  made,  or  with  the  ccunmonest  kind 
of  brick,  called  place  bricks.  The  bricks  to  be  burnt  are 
arranged  tier  upon  tier  as  high  as  the  clamp  is  intended  to 
be^  and  a  stratum  of  breeze  or  cinders  to  the  depth  of  two 
or  three  inches  is  strewed  between  each  layer  of  bricks,  atiil 
iho  whole  is  finally  covered  with  a  thick  stratum  of  breeze. 
At  the  we.Ht  end  of  the  clamp  a  perpendicular  fire-place  of 
ibout  three  feet  in  height  is  e»>nstructcd,and  flues  are  formed 
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by  archiDg  the  bricks  over  so  as  to  leave  a  space  of  about 
a  brick  in  width*  The  flues  run  straight  through  the  clam 
and  are  filled  with  a  mixture  of  coals,  wood,  and  breezi 
which  are  pressed  closely  together,     If  the  bricks  are  r 
quired  to  be  burnt  off  quickly,  which  can  be  accomplish 
in  the  space  of  from  twenty  to  thirty  days  according  to  t 
state  of  the  weather,  tlie  flues  must  not  exceed  six  feet  dia 
lance  apart ;  but  if  there  is  no  urgent  demand,  the  flu 
need  not  be  nearer  than  nine  feet,  and  the  clarap  may 
allowed  to  burn  slowly. 

Coke  has  been  recommended  as  a  more  suitable  fuel  U 
bricks  than  either  coal  or  wood,  as  the  dimensions  of  the 
flues  and  the  stratum  of  the  fuel  are  not  required  to  be 
great,  which,  since  the  measurement  of  the  clamp  has  b 
^^stricted  to  certain  limits  by  the  interference  of  the  legis- 
lature, is  a  point  of  some  consideration ;  besides,  the  beat 
arising  ft-om  the  coke  is  more  uniform  and  more  intense  than 
what  is  produced  by  the  other  materials,  so  that  the  burn- 
ing of  the  bricks  is  more  likely  to  be  perfect  through- 
out. The  saving  which  is  thus  produced  may  be  calculated 
at  about  32  per  cent. 

Kilns  are  also  in  common  use,  and  arc  in  many  respeci 
preferable  to  the  clamp,  as  less  waste  arises,  less  fuel 
consumed,  and  the  bricks  are  sooner  burnt.  A  kiln  wi 
burn  about  20,000  bricks  at  a  time*  The  walls  of  a  kiln 
about  a  brick  and  a  half  thick,  and  locllne  inwards  towa 
the  top,  so  that  the  area  of  the  upper  part  is  not  more  th 
1 14  square  feet.  The  bricks  are  set  on  flat  arches,  with 
holes  left  between  them,  resembling  lattice- work  ;  and, 
when  the  kiln  is  completed,  are  they  covered  with  pieces  of 
broken  bricks  and  tiles,  and  some  wood  is  kindled  and  put 
in  to  dry  them  gradually.  When  sufficiently  dried,  which 
is  known  by  the  smoke  changing  from  a  dark  to  a  light 
transparent  colour,  the  mouths  of  the  kiln  arc  sloppe 
with  pieces  of  brick,  calkd  shinlog^  piled  one  upon  an 
,ther,  and  closed  over  with  wet  brick-earth.  The  shinlo 
are  carried  so  high  as  just  to  leave  room  for  one  faggot 
be  thrust  into  the  kiln  at  a  time,  and  when  the  brush- wood, 
furze,  heath,  faggots,  &c.  are  put  in,  the  fire  is  kindled, 
and  the  burning  of  the  kiln  commences.  The  fire  is  kept 
up  till  the  arches  assume  a  white  appearance,  and  the 
flames  appear  through  the  top  of  the  kiln  ;  upon  which  the 
fire  is  allowed  to  slacken,  and  the  kiln  to  cool  by  degrees. 
This  process  of  alternately  heating  and  slacking  the  kiln  is 
continued  till  the  bricks  are  thoroughly  burnt,  which,  in 
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general y  is  in  the  space  of  forty-eight  hours*  The  practice 
af  steeping  bricks  in  water  after  they  have  been  burned, 
and  then  burning  them  again,  has  the  effect  of  considerably 
improving  the  quality. 

Bricks  are  of  Severn!  kinds^  the  most  usual  of  which  arc 
marls,  stocks,  and  place  bricks  j  but  there  is  little  dif- 
ference in  the  mode  of  manufacturing  them,  except  that 
great  care  h  taken  in  preparing  and  tempering  the  marls. 

The  finest  marls,  called  firsts,  are  selected  for  the  arches 
of  doorways,  &c.  and  are  rubbed  to  their  proper  form  and 
dimensions :  and  the  next  best,  called  seconds,  for  the 
principal  fronts.  The  colour,  a  light  yellow,  added  to  the 
smooth  texture,  and  superior  durability  of  the  marls,  give 
them  the  precedence  of  the  other  descriptions  of  brick. 

Grey  stocks  are  somewhat  like  the  seconds,  but  of  infe- 
rior quality. 

Place  bricks,  sometimes  called  pickings,  sandal,  or  samel 
bricks,  arc  such  as  from  being  the  outermost  in  the  clamp 
or  kilo,  have  not  been  thoroughly  burned,  and  are,  in  con- 
Bequence,  soft,  of  uneven  texture,  and  of  a  red  colour. 

There  are  also  burrs  or  clinkers,  arising  from  the  bricks 
licing  too  violently  burned,  and  sometimes  several  bricks  are 
found  run  together  in  the  kiln*  They  derive  their  colour  from 
tlie  nature  of  the  soil  of  which  they  are  composed,  which, 
in  general,  is  very  pure.  The  best  kind  are  used  as  cutting 
bricks,  and  are  called  red  rubbers.  In  old  buildings  they 
are  very  frequently  to  be  seen  ground  to  a  fine  smooth  sur- 
face, and  set  in  putty  instead  of  mortar,  as  ornaments  over 
arches,  windows,  tloor-ways,  &c. ;  but  though  there  are 
many  beautiful  specimens  of  red  brick-work,  yet  these 
bricks  cannot  be  judiciously  used  for  the  front  walls  of  build- 
ing*** This  objection  arises  from  the  colour  being  too  hea\y, 
and  from  its  conveying  to  the  mind,  in  the  sunmier  months, 
an  unpleasant  idea  of  heat  j  to  which  may  be  added,  that  as 
the  fronts  of  the  buildings  have  a  greater  or  less  proportion 
af  stone  and  painted  wood-work,  the  contrast  in  the  colours 
h  altogether  injudicious.  The  colour  of  grey  stocks, 
ob  the  contrary,  assimilates  so  much  with  the  stones  and 
paint,  that  they  have  obtained,  in  and  near  London^  univer- 
sal preference. 

At  the  village  of  Hedgerley,  near  Windsor,  red  bricks 
are  made  which  will  stand  the  greatest  heat :  they  arc  called 
Windsor  bricks. 

Bricks  used  for  paving,  are  generally  about  an  inch  and  a 
half  in  breadth  :  and,  beside  these,  there  are  paving  tiles. 
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ivhich  are  made  of  a  stronger  clay,  and  are  of  a  red  oobar. 
The  largest  are  about  twelve  inches  square,  and  one  inch 
and  a  half  thick :  the  next,  though  called  ten-inch  tiles,  are 
about  nine  inches  square,  and  one  inch  and  a  quarter  thick. 
About  the  year  1795,  a  patent  was  obtained  by  Mr.  Cart- 
wright,  for  an  improved  system  of  making  bricks,  of 
which  the  following  extract  will  furnish  the  reader  with 
all  necessary  information. 

"  Imagine  9  common  brick,  with  a  grooTo  or  rabate  on  each  side  dowi 
the  middle,  rather  more  than  half  the  width  of  the  side  of  the  brick ;  a 
•houlder  will  thus  be  left  on  either  side  of  the  grooire,  eacli  of  which  will 
be  nearly  equal  to  one  quarter  of  the  width  of  the  side  of  the  brick,  or  to 
.one  half  of  the  move  or  rebate.  A  course  of  these  bricks  being  lad 
•houlder  to  shoulder,  they  will  form  an  indented  line  of  nearly  eqdal 
diyisions,  the  grooves  or  rebates  being  somewhat  wider  than  the  ad* 
joining  shoulders,  to  allow  for  the  mortar  or  cement.  When^  the  coont 
18  laid  on.  the  shoulders  of  the  bricks,  which  compose  it,  will  fall  into 
grooves  of  the  first  course,  and  the  shoulders  of  the  first  course,  will  €t 
into  the  grooves  or  rabates  of  the  second,  and  so  with  every  succeeding 
course.  Buildings  constructed  with  this  kind  of  brick,  wiU  require  no 
bond  timbers,  as  an  universal  bond  runs  through  the  whole  building,  and 
holds  all  the  parts  together  ;  the  walls  of  which  will  neither  crack  mm 
bilge  without  breaking  through  themselves.  When  bricks  of  this  con- 
struction are  used  for  arches,  the  sides  of  die  pooves  should  form  thtf 
n^ii  of  the  circle,  of  which  the  intended  arch  is  a  segment ;  yet  if  thtt 
circle  be  very  large,  the  difference  of  the  width  at  the  top  and  bottom  wll 
be  so  very  trifling,  as  to  render  a  minute  attention  to  this  scarcely  if  at  all 
necessary.  In  arch- work,  the  bricks  may  either  be  laid  in  mortar,  or  dry, 
and  the  interstices  afterwards  filled  up  by  pouring  in  lime,  putty,  plaster  (^ 
Paris,  &c.  Arches  upon  this  principle,  having  any  lateral  pressure,  can 
neither  expand  at  the  foot,  nor  spring  at  the  crown,  consequently  they 
want  no  abutments,  requiring  only  perpendicular  walls  to  be  let  into,  or 
to  rest  upon ;  neither  will  they  want  any  superincumbent  weight  on  the 
crown  to  prevent  their  springing  up.  The  centres  also  may  be  struck 
immediately,  so  that  the  same  centre,  which  never  need  be  many  feet 
wide,  may  be  regularly  shifted  as  the  work  proceeds.  But  the  most 
striking  advantage  attending  this  invention  is,  the  security  it  afl'orda 
against  the  ravages  of  fire ;  for,  from  the  peculiar  properties  of  this 
^md  of  arch,  requiring  no  abutments,  it  ma^  be  laid  upon,  or  let  into 
(ommon  walls,  no  stronger  than  what  is  required  for  timbers  so  as  to  ad- 
mit of  brick  floorings." 

Having  said  thus  much  on  the  laying  of  the  foundation, 
the  mixing  of  the  mortar,  and  the  manufacture  of  the 
brick,  we  shall  next  proceed  to  treat  on  the  principles  of 
the  art  of  masonry,  as  practised  in  the  present  day. 

MASONRY, 

J  Is  the  art  of  cutting  stones,  and  building  them  into  a 
mass,  so  as  to  form  the  regular  surfaces  which  are  required 
in  the  construction  of  an  edifice. 
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The  chief  bu-^iness  of  the  mason  is  to  prepare  the  sloncs, 
tnake  the  mortar,  rabc  the  wall  with  the  necessary  breaks^ 
projecrious,  arches,  apertures,  &c.,  aud  to  construct  the 
multSj  &c.  as  indicated  by  the  design. 

A  wall  built  of  unhewn  stooe,  whether  it  be  built  with 
mortar  or  otherwise,  is  called  a  nibble  wall.  Rubble  work 
is  of  two  kinds,  coursed  and  uncoursed.  In  coursed  rub- 
ble the  stones  arc  gauged  and  dressed  by  tlic  hauiuicr, 
and  thrown  into  different  heaps,  each  heap  containing  stones 
of  equal  thickness  ;  and  the  masonry,  which  may  be  of  dif- 
ferent thicknesses,  is  laid  in  horizontal  courses.  In  un- 
coursed rubble  the  stones  aie  placed  promiscuously  in  the 
wall,  without  any  attention  being  paid  to  the  placing  them 
in  courses ;  and  the  only  preparation  the  stones  undergo, 
is  that  of  knocking  ofl'  the  sharp  anglea  with  the  thick 
end  of  a  too!  called  a  scabling  hammer.  Walls  are  ge- 
nerally built  witli  an  ashlar  facing  of  fine  stone,  averaging 
about  four  or  five  iuches  in  thickness,  and  backed  with  rub- 
ble work  or  brick. 

Walls  backed  with  brick  or  uncoursed  rubble,  are  liable 

to  become  convex  on  the  outside,  from  the  great   number 

of  joints,  and  the  difficulty  of  placing  the  mortar,  which 

ukA  in  projKJrcion  to  the  quantity,  in  equal  portions, 

in  each  joint ;  consequently,  walls  of  this  description  are 

much  inferior  to  those  where  the  facing  and   backing  arc 

built  of  the  same  material,  and  with  equal  care,  even  though 

Ixith  of  the  sides  be  uncoursed.     When  tlie   outside  of  a 

is  faced  with  ashlar,   and  the  inside  is  coursed  rubble, 

courses  of  the  backing  should  be  jis  high  as  possible, 

ad  set  within  beds  of  mortar.     Coursed  rubble  and  brick 

ackings  are  favourable  for  the  insertion  of  bond  timber  ; 

Ut,  in  good  masonry,  wooden  bonds  should   never  be  in 

ntjuued  lengths,  as  in  case  of  either  fire  or  rot  the  wood 

ill  perish,  and  the  masoury  will,  by  being  reduced,  be 

iablc  to  bend  at  the  place  where  the  bond  was  inserted. 

W'hen  timber  is  to  be  irisertcd  into  walls  for  the  purposes 

f  fastening  buttons   for  plastering^  or  skirting,  ^c,  the 

ieces  of  timber  ought  to  be  so  disposed  that  the  ends  of 

e  pieces  be  in  a  line  with  the  wall. 

In  a  wall  faced  with  ashlar,  the  stones  are  generally  about 

feet  or  2.^  feet  in  length,  12  inches  in  height,  and  8  inche« 

n  thickness.     It  is  a  very  good  jilan  to  incline  the  back  of 

each  stone,  to  make  all  the  backs  thus  inclined  run  in  the 

aame  direction,  which  gives  a  small  degree  of  lap  in   the 

•eUing  of  the  next  course ;  whereas^  if  the  backs  are  poral ' 
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Icl  to  the  front,  there  can  be  no  lap  where  the  stones 
ail  etjual  depth  in  the  thickness  of  the  wall.  It  is  al 
vantageous  to  the  stability  of  the  wall  to  select  the  8toneit,fi0 
that  a  thicker  and  a  thinner  one  may  succeed  each  oth 
alternately.  In  each  course  of  ashlar  facing,  either  wi 
nibble  masonry,  or  brick  backing,  thorough-stones  shou 
occasionally  be  introduced,  and  their  number  be  in  pr 
portion  to  the  length  of  the  course.  In  every  succeedi 
course,  the  thorough  stone^s  should  be  placed  in  the  middi 
of  every  two  thorough-stoiics  in  the  coui*sc  below ;  and 
this  disposition  of  bonds  slionld  be  punctually  attended 
in  all  cases  where  the  courses  are  of  any  great  lengt! 
Some  masons,  in  order  to  prove  that  they  have  introduc 
suflicient  bonds  into  their  work,  choose  thorough-stones 
a  greater  length  than  the  thickness  of  the  wall,  and  after- 
wards cut  otr  the  ends  ;  but  this  is  far  from  an  eligible  plan, 
us  the  wall  is  not  only  subject  to  be  shaken,  but  the  stone  is 
itself  apt  to  split.  In  every  pier,  between  windows  and 
other  apertures,  every  alternate  jamb-stone  ought  to  go 
through  the  wall  with  its  bed  perfectly  level.  When  the 
jamb-stones  are  of  one  entire  height,  as  is  frequently  the 
case  when  architraves  are  wrouglit  upon  them,  upon  the 
lintel  crowning  them,  and  upon  the  stones  at  the  ends 
the  courses  of  the  pier  which  are  adjacent  to  the  architravi 
jamb,  every  alternate  stone  ought  to  be  a  thorough-ston 
and  if  the  piers  between  the  apertures  be  very  narrow, 
other  bond-stone  is  required ;  but  where  the  piers  arc  wi 
the  number  of  bond-stones  are  proportioned  to  the  spa 
Bond-stones  must  be  particularly  attended  to  in  all  long 
oinrscs  below  and  above  windows. 

All  vertical  joints,  after  receding  about  an  inch  with  a  cl 
ioint,  should  widen  gradually  to  the  back,  thereby  forming  h 
low  spaces  of  a  wedge-  like  figure,  for  the  reception  of  mort 
rubble,  &c.  The  adjoining  stones  should  have  their  beds  a 
vertical  joints  filled,  from  the  face  to  about  three  quart 
of  an  inch  inwards,  with  oil  and  putty,  and  the  rest  of  I 
beds  must  be  filled  with  well-tempered  mortar*     Putty  ce- 
ment will   stand  longer  than  most   stones,  and  will  cv 
remain,  permanent  when  the  stone  itself  is   mutilated. 
walla  cemented  with  oil-putty,  at  first  look  unsightly ; 
this  disagreeable  effect  ceases  in  a  year  or  less,  when, 
care  has  been  taken  to  make  the  colour  of  the  putty  suitable 
to  that  of  the  stone,  the  joints  will  hardly  be  perceptible 

In  selecting  ashlar,  the  mason  should  take  care  tna 
stone  invariably  lays  on  its  natural  bed  ;  as  from  ca 
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Desft  ID  this  particular,  the  itooes  frequently  flush  at  the 
joint*,  and  sooner  admit  the  corrosive  power  of  the  atmos- 
phere to  take  effect. 

It  ought  also  to  be  obsen'ed,  that,  in  building  walU,  or 
iDSulated  pillars  of  small  horizontal  diu^cnsions,  every 
stone  should  have  it*  bed  perfectly  level,  and  be  without 
auy  concavity  in  the  middle  ;  because,  if  the  beds  are  oon- 
oavc,  the  joints  will  most  probably  flush  when  the  pillars 
begin  to  sustain  the  weight  of  the  building.  Care  should 
also  be  taken,  that  every  course  of  masonry  in  such  piers 
be  of  one  stone. 

Having  thus  given  to  the  practical  mason  an  outline 
of  the  subject  of  walling,  we  will  proceed  to  the  con- 
sideration of  the  more  difficult  branches  of  the  art,  that 
instructing  arches  and  vaults. 

DEF1NTTION9. 

An  nrcA,  in  masonry,  is  that  pari  of  a  building  which  is 
led  over  a  given  plane,  supported  only  at  its  cxtre- 
.   and  concave  towards  the  plane. 

'i'he  upper  surface  of  an  arch  is  called  the  extrados  ;  and 
the  under  surface,  or  that  which  is  opposite  the  plan,  the 
in  tr  ados. 

The  supports  of  an  arch  are  called  the  spring  walh. 

The  sjyring^ing  lines ^  are  those  common  to  the  supports 
and  the  intrados  j  or  the  line  which  forms  the  intersection 
of  the  arch  with  the  surface  of  the  wall  which  supports  it. 

The  chord,  or  .^mn,  is  a  line  extending  from  one  springing 
line  to  the  opposite  one. 

Section  of  the  hollow  of  the  arch,  is  a  vertical  plane,  sup- 
posed to  be  contained  by  the  span  and  the  intrados. 

The  height^  or  me  of  the  arch,  is  a  line  drawn  at  right 
angles  from  the  middle  of  the  chord,  or  spanning  line,  to 
the  intrados. 

'^The  rrtmn  of  the  arch  is  that  part  which  the  extremity  of 
the  perpendicular  touches. 

The  haunches,  or  flanks^  of  the  arch,  are  those  parts  of 
the  curve  between  the  crown  and  the  springing  line. 

When  the  base  of  the  section,  or  spanning  line,  is  paral- 
lel to  the  horizon,  the  section  will  consist  of  two  equal  and 
similar  parts,  so  that  when  one  is  applied  to  the  other,  they 
will  be  found  to  coincide. 

Arches  am  variously  named  according  to  the  figure  of  the 
section  of  a  solid  that  would  fill  the  void,  as  ttrculatf  etlip  * 
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Heal,  cyeUndaly  catenarian,  parabolical,  &c.    There  are  ak) 
pointed,  compoeite,  and  lancet,  or  Gothic  arches, 

A  rampant  arch  is  when  the  springing  lines  are  of  two 
unequal  heights. 

When  the  intrados  and  extrados  of  an  arch  are  parallel,  it 
is  said  to  be  extradossed. 

There  are^  however,  other  terms  much  used  by  masons; 
for  example,  the  semicircular  are  called  perfect  arches,  and 
those  less  than  a  semicircle,  imperfect,  surbused,  or  dimi- 
nished arches. 

Arches  are  also  called  surmounted,  when  they  are  higher 
than  a  semicircle. 

A  vault  is  an  arch  used  in  the  interior  of  a  building, 
overtopping  an  area  of  a  given  boundary,  as  a  passage,  or 
an  apartment,  and  supported  by  one  or  more  walls,  or  pil- 
lars, placed  without  the  boundary  of  that  area. 

Hence  an  arch  in  a  wall  is  seldom  or  never  called  a  vault ; 
and  every  vault  may  be  called  an  arch,  but  every  arch  can* 
not  be  termed  a  vault. 

A  groin  vault,  is  a  complex  vault,  formed  by  the  intersec- 
tion of  two  solids,  whose  surfaces  coincide  with  the  intra- 
dos of  the  arches,  and  are  not  confined  to  the  same  heights. 
Anarch  is] said  to  stand  upon  splayed  jambs,  when  the 
springing  lines  are  not  at  right  angles  to  the  face  of  the  wall. 

In  the  art  of  constructing  arches  and  vaults,  it  is  neces- 
sary to  build  them  in  a  mould,  until  the  whole  is  closed : 
the  mould  used  for  this  purpose  is  called  a  centre.  The  in- 
trados of  a  simple  vault  is  generally  formed  of  a  portion  of 
a  cylinder,  cylindroid,  sphere,  or  spheroid,  that  is,  never 
greater  than  the  half  of  the  solid  :  and  the  springing  lines 
which  terminate  the  walls,  or  when  the  vault  begins  to 
rise,  are  generally  straight  lines,  parallel  to  the  axis  of  the 
cylinder,  or  cylindroid. 

A  circular  wall  is  geneitilly  tei-minated  with  a  spherical 
vault,  which  is  cither  hemispherical,  or  a  portion  of  a 
sphere  less  than  an  hemisphere. 

Every  vault  which  has  an  horizontal  straight  axis,  is  call- 
ed a  straight  vault ;  and  in  addition  to  what  we  have  already 
said,  the  concavities  which  two  solids  form  at  an  angle,  re- 
ceive likewise  the  name  of  arch. 

An  arch,  when  a  cylinder  pierces  another  of  a  greater  dia- 
meter, is  called  cyUndro-cylindric,  The  term  cylindro  is 
applied  to  the  cylinder  of  the  greatest  diameter,  and  the 
term  cylindric  to  the  less. 
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cyliodcT  intersect  a  sphere  of  greater  diameter  than 
inder^  the  arch  is  called  a  sphero-cylmdric  arch  ;  bat 
other  hand,  if  a  sphere  pierce  a  cylinder  of  greater 
er  than  the  sphere,  the  arch  is  called  a  cyUndro^^he^ 

cylinder  pierce  a  cone,  so  as  to  make  a  complete  per* 
a  through  the  cone,  two  complete  arches  will  be 
,  called  cono-cyiindrie  arches ;  but,  on  the  contrary, 
DC  pierce  a  cylmder,  so  that  the  concavity  made  ^ 
le  is  a  conic  surface,  the  arch  is  called  cykndro-comc 

1  a  straight  wall,  there  be  a  cylindric  aperture  con- 
quite  through  it,  two  arches  will  be  formed,  called 
lylmdric  arches, 

f  description  of  arch  is,  in  a  similar  manner  to 
ove,  denoted  by  the  two  preceding  words;  the 
aiding  in  o,  signifying  the  principal  vault,  or  sur- 
t  through ;  and  the  latter  in  tc,  signifying  the  de- 
n  of  the  aperture  which  pierces  or  intersects  the  wall 
t.. 

Q  groins  are  introduced  merely  for  use,  they  may  be 
ther  of  brick  or  stone ;  but,  when  introduced  by  way 
lortion  or  decoration,  their  beauty  will  depend  on  the 
ing  figures  of  the  sides,  the  regularity  of  the  sur- 
id  the  acuteness  of  the  angles,  which  should  not  be 
sd.  In  the  best  buildings,  when  durability  and 
e  are  equally  required,  they  may  be  coustructed  of 
t  stone  ;  and,  when  elegance  is  wanted,  at  a  trifling 
5,  of  plaster,  supported  by  timber  ribs. 
3ne-cutting,  a  narrow  surface  formed  by  a  point  or 
jn  the  surface  of  a  stone,  so  as  to  coincide  with  a 
;  edge,  is  called  a  draught. 


brmation  of  stone  arches  has  always  been  considered 
useful  and  important  acquisition  to  the  operative 
in  order,  therefore,  to  remove  any  difficulties 
night  arise  in  the  construction  of  arches  of  different 
ions,  both  in  straight  ano  circular  walls,  we  shall  here 
De  a  few  examples,  which,  it  is  hoped,  with  careful 
ition,  will  greatly  facilitate  a  knowledge  of  some  of 
t  abstruse  parts  of  the  art. 

>!,  No.  1.  To  find  the  moulds  necessuy  for  the  constroction  of 
iidar  arch,  cutting-  a  straight  wall  obliquelj. 


549  THB   OPIRATIVB  MECHANIC 

let  ABCDJSFOH  be  the  plan  of  the  ucli ;  IKLM  the  outvr  line; 
and  NOPQ  the  inner  line  on  the  elevation. 

abede,  on  the  elevation,  shows  the  bevel  of  each  ioint  or  bed  framfte 
faee  of  the  wall ;  and  abode  below,  ^ves  the  mould  for  the  same,  when 
«  y  on  the  elevation  corresponds  with  jr  y  at  a. 

llie  arch  mould,  fii^.  551,  No.  2,  is  applied  on  the  face  of  the  stODBt 
and  on  being  applied  to  the  parts  of  the  plan,  gives,  of  course*  the  bere 
of  each  concave  side  of  the  stone  with  the  face,  uiat  is  K  to  O,  on  the  cl^ 
vation. 

Fifi^.  558.  To  find  the  mould  for  constructing  a  semlcircnlar  arch  m  t 
circular  wall. 

No.  1  is  the  elevation  of  the  arch ;  and  No.  2  the  plan  of  the  bettom 
bed  from  qtor. 

a  to  6  is  what  the  arch  gains  on  the  circle  from  the  bottom  bed  kotol; 
and  c  to  rf  is  the  projection  ofthe  intrados  to  p,  on  the  joint  /.  p, 

Nos.  8,  3,  4,  are  plans  of  the  three  arch-stones,  1,  2,  8,  in  the  eleva- 
tion ;  and  Nus.  5  and  6  are  moulds  to  be  applied  to  the  beds  of  ttooei 
1  and  8,  in  which  t  c  equals  «  c  in  No.  8;  and  t  w  equals  ^  lo  in  No.  S, 

In  No.  hklpoli  the  arch  or  face  mould. 

When  the  reader  is  thoroughly  proficient  in  the  coDStmc- 
tion  of  arches,  under  given  datas,  as  the  circumstances  of 
the  case  may  point  out,  he  may  proceed  to  investigate  the 
principles  of  spherical  domes  and  groins. 

Figs.  553  and  554  show  the  principles  of  developing  the  soffits  of  tht 
arches  in  the  two  preceding  examples.  In  each  the  letters  of  reference 
are  alike,  and  the  operation  is  precisely  the  same. 

Let  ABDE  be  the  plan  of  the  opening  in  the  wall ;  and  AFB  th6 
elevation  of  the  arch :  produce  the  chord  AB  to  C,  divide  the  semicircle 
AFB  into  any  number  of  parts,  the  more  the  better,  and  with  the  con- 
passes  set  to  any  one  of  these  divisions,  run  it  as  many  times  along  AC 
as  the  semicircle  is  divided  into  ;  then  draw  lines,  perpendicular  to  BC, 
throu&fh  every  division  in  the  semicircle  and  the  line  CA,  and  set  the  dis- 
tance lb,2  df  3/,  &c.  respectively  equal  to  a  6,  c  c/,  ef,  &c.  and  then  hj 
tracing  a  curve  through  these  points,  and  finding  the  points  in  tlie  lino 
GD,  in  the  same  manner,  the  soffit  of  the  arch  is  complete. 

Fig.  555,  shows  the  method  of  constructing  spherical  domes. 

No.  1  mould  is  applied  on  the  spherical  sunace  to  the  vertical  joints ; 
and  No.  2  mould  un  the  same  surface  to  the  other  joints  ;  and  in  botk 
cases,  the  mould  tends  to  the  centre  of  the  dome. 

3,  4,  .5,  6,  7,  and  8,  are  moulds  which  apply  on  the  convex  surface  to 
the  horizontal  joint,  the  lines  ab,  c  dt  ej,  &c.  being  at  right  angles  to 
the  different  radii,  b  c,  dc*fc,  &c.  and  produced  until  they  intersect 
the  perpendicular  ae  ;  the  different  intersections  are  the  centres  which 
give  the  circular  leg  of  the  mould,  and  the  straight  part  gives  the  hori- 
zontal joint. 

Fig.  55G  exhibits  the  plan  of  a  groined  vault. 

Lay  down  the  arch,  either  at  the  full  or  half  size,  on  a  floor  or  piece  of 
iloor-cloth,  then  divide  and  draw  on  the  plan  the  number  of  joints  in  the 
semicircular  arch,  and  from  the  intersections  with  the  diagonals,  draw  the 
transverse  joints  on  the  plan,  and  produce  them  till  they  touch  the  in- 
tradocs  of  the  elliptical  arch,  the  curve  of  which  may  be  found  by  setting 
the  corresponding  distances  from  the  line  of  the  base  to  the  curve ;  thus 
a  6  equal  to  a  b.    This  being  accomplished,  draw  the  joints  of  the  ellipti* 
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in  the  manner  ot  which  we  give  r  d,  as  a  specimen.    To  draw  the 

c  iiy  draw  the  chord  e  e  and  bisect  it»  draw  a  line  from  the  centre  c, 

^h  the  bisecting;  point,  and  produce  it  till  it  toucUc«  the  perpendicu- 

e  f;  And  cd,  being-  at  rigfht  angles  to  e/,  will  be  the  Joint  required.  In 

c  same  manner  the  utheris  art*  found. 

V\s  cxainitiAtion,  it  will  be  seen,  timt  a  rcctaneifle  circumscrtbiup  the 
lid  3«  3,  jdTCB  the  size  of  the  titone  in  its  square  Htate,  and,  that  it  each 
n*i  in  bi»tn  arches  be  thus  enclosed,  the  dimen»ioos  for  each  will  be 
und,  an  also  the  position  in  which  the  moulds  must  be  placed.     The 
dark  litieB  ifive  the  different  beveli  which  must  be  carefully  prepared  and 

flied  to  the  stones  in  the  manner  represented  in  the  fi^'ure. 
'ig*.  S67.  To  draw  the  jointfi  of  the  stouoa  for  an  elliptical  arch  in  & 
hI1»  &c. 

The  curve  is  here  described  by  the  intersection  of  lines*  which,  cer» 
inly,  ^ivcB  the  most  easy  and  plea&in§^  curve,  as  BCifments  of  circles 
ply  only  under  certain  data,  or  in  the  proportion  which  the  aids  maior 
to  the  axis  minor,  while  the  intersection  of  lines  apply  to  any  decerip- 
oil  of  ellipftiH.     Find  the  foci  F.    In  an  ellipsis  the  distance  of  cither 
us  from  one  <*xtreiiiity  of  the  axis  minor  i»  equal  to  the  semi-axli  ma- 
nr  ;  that  in,  DF  is  i'«|iial  to  cC     Then  to  find  any  joint»  a  6,  draw  Hnet 
iVoTu  both  foci  thruiiirh  the  point  A,  as  F <?, /</,  and  bisect  the  angle  dbe 
'  y  the  line  a  A,  which  is  the  joint  required* 

Having  thus  given  a  general  outline  of  the  principles  of 
asonry,  and  accompanied  the  same  with  a  few  examples 
n  the  most  abstruse  parts  of  the  art,  we  shall  conclude 
is  part  of  our  treatise  with  the  methods  employed  in  the 
ensuration  of  masons*  work* 

Rough  stone  or  marble  is  measured  by  the  foot  cube  :  but 
measuring  for  workmanship^  the  superficies  or  surface, 
>r  niain  work,  is  measured  before  it  is  sunk.  In  measuring 
ihfar,  one  bed  and  one  upright  joint  are  taken  and  con- 
idcrcd  plain  work.  In  taking  the  plain  sunk,  or  cir- 
cular work,  and  the  straight  moulded,  or  circular  moulded 
work,  particular  care  is  required  to  distinguish  the  ditfercnt 
kinds  of  work  in  the  progress  of  preparing  the  stone.  In 
measuring  strings,  the  weathering  is  denominated  sioik 
work^  and  the  grooving  throatings. 

Stone  cills  to  windows,  &c.  are,  in  general,   about  4  J 

inches  thick  and  8  inches  broad,  and  arc  weathered  at  the 

top,  which  reduces  the  front  edge  to  about  4  inches,  and  the 

borizontal  surface  at  the  top  to  about  \\  inch  on  tiic  inside  ; 

8o  that  the  part  taken  away  is  6^  inches  broad  and  three 

quarters  of  an   inch  deep.     Cills,  when  placed  in  tlie  wall, 

generally  project  about  2J  inches.    The  horizontal  part  left 

^n  the  inside  of  the  cill  is  denominated  ptnin  work;  and 

hhe  sloping  part  sunk  work ;  and  in  the  dimension  book 

ke  entered  thus^*^ 
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U 

4 

8  inches  the  breadth  of  the  plain  work  in  the  cffl 
accordinjf  to  the  abo?e  dimeniioiu*— 4heii 

2  S    Plain  work. 


H 


2  2    Sunk  work. 
G    Plain  to  ends. 


4  0  of  throating^. 

No  account  is  taken  of  the  sawing. 


Cornices  are  measured  by  girthing  round  the  moolded 
parts,  that  is,  the  whole  of  the  vertical  and  under  parts, 
called  moulded  work  : — for  example,  suppose  a  cornice  pro- 
ject one  foot,  girth  two  feet,  and  is  40  feet  in  length,  then 
the  dimensions  will  be  entered  as  under, — 


m 
I 


80      Moulded  work. 


40      Sunk  work  at  top. 


All  the  vertical  joints  must  be  added  to  the  above. 

Cylindrical  work  is  measured  in  the  girth ;  and  the  sur- 
face is  calculated  to  be  equivalent  to  plain  work  twice 
taken. 

For  example,  suppose  it  be  required  to  measure  the  plain 
work  or  a  cylinder,  10  feet  long,  and  5  feet  in  circumference, 
the  dimensions  would  then  be  entered 

5    0  ^'^  ^^P'*  ^^^^^  work,  double  measure. 

Paving-slabs  and  chimney-pieces  are  found  by  supcriicia. 
measure,  as  also  are  stones  under  two  inches  thick. 

The  manner  in  which  the  dimensions  of  a  house  are 
taken,  vary  according  to  the  place  and  the  nature  of  the 
agreement. 

In  Scotland,  and  most  parts  of  England,  if  the  builder 
engages  only  for  workmanship,  the  dimensions  are  taken 
round  the  outside  of  the  house  for  the  length,  and  the 
height    is  taken  for  the  width,  and  the  two  multiplied 


r 


AND    MACBtSlST.  MO 

together  gives  the  superficial  contents.  This,  howe\er, 
applies  only  when  the  wall  is  of  the  same  thickness  all  the 
-way  up  ;  aud  when  not,  as  many  separate  heights  ai'c  taken 
IS  there  are  thicknesses.  This  mode  of  measuring  giTes 
something  more  than  the  truth,  by  the  addition  of  the  four 
quoins,  which  arc  pillars  of  two  feet  square ;  but  this  is  not 
more  than  considered  sufficient  to  compensate  the  workmen 
for  the  extra  labour  in  plumbing  the  quoins. 

If  there  be  a  plinth,  string,  course- cornice,  or  blocking 
course,  the  height  is  taken  from  the  bottom  of  the  plinth 
to  the  top  of  the  blocking  course,  including  the  thickness  of 
the  same ;  that  is,  the  measurer  takes  a  line  or  tape  and  be 
gins,  we  will  suppose,  at  the  plinth,  then  stretching  the  line 
to  the  top,  bends  it  into  the  offset,  or  weathering,  and, 
keeping  the  corner  tight  at  the  internal  angle,  stretches  the 
line  vertically  upon  the  face  of  the  xv-all,  from  the  internal 
angle  to  the  internal  angle  of  the  string  j  then  girtfis  round 
the  string  to  the  internal  angle  at  the  top  of  the  string,  and 
keeping  the  line  tight  at  the  upper  internal  angle,  stretches 
it  to  meet  the  cornice  j  ho  then  bends  it  round  all  the 
mouldings  to  the  internal  angle  of  the  blocking  course, 
from  which  he  stretches  the  string  up  to  the  blocking  coui*s<-, 
to  the  farther  extremity  of  the  breadth  of  the  top  of  the 
same ;  so  that  the  extei.t  of  the  line  is  the  sanje  as  the 
vertical  section  stretched  out :  this  dimension  is  accounted 
the  height  of  the  building* 

With  respect  to  the  length,  when  there  arc  any  pilasters, 
breaks,  or  recesses,  the  girth  of  the  whole  is  taken  at  the 
length.  Tliis  method  is,  perhaps,  the  most  absurd  of  any 
tdmitted  in  the  art  of  measuring;  since  this  addition  in 
height  and  length,  is  not  sufficient  to  compensate  for  the 
ralac  of  the  workmanship  on  the  ornamental  parts. 

The  value  of  a  rood  of  workmanship  must  he  first  ob- 
tained by  estin^ation,  that  is,  by  finding  the  cost  of  each 
kind  of  work,  such  as  plinth,  strings,  cornices,  and  archi- 
traves, &c*  and  adding  to  them  the  plain  ashlar  work,  and 
the  value  of  the  materials,  the  amonnt  of  which,  divided 
by  the  number  of  roods  contained  in  the  whole,  give  the 
mean  price  of  a  single  rood.  When  the  apertures  or  open- 
ings in  a  building  arc  small,  it  is  not  customary  to  make 
dedactions  cither  for  the  materials  or  workmanship  which 
are  there  deficient,  as  the  trouble  of  plumbing  and  return- 
ing the  quoins,  is  considered  equivalent  to  the  deficiency  of 
OiAterials  occasioned  by  such  aperture. 

2  N 
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Blsam's  Gentleman's  and  Builder's  Aasistanty  gifCB  tlM 
following  information  on  the  practice  of  measuring.  loqgjk 
stone  work. 

To  find  the  number  of  perches  contained  in  a  piece  tf 
rough  ston^-work. 

If  the  wall  be  at  the  tUndard  ducknett,  that  ii,  12  hichei  hlgb»  IS 
inches  thick,  and  21  feet  long,  divide  the  area  by  21,  and  tiie  qootieBt,  If 
any,  will  be  the  aoBwer  in  perchei,  and  the  remainder,  if  any,  k  CmL 
If  the  wall  be  mora  or  lets  than  18  inches  thick,  multiply  the  area  of  Oe 
mdl  by  the  number  of  inches  in  thickness,  which  product,  divided  by  1^ 
and  tiiat  qootient  by  21,  will  gvft  the  perches  contained. 

Smmmple.  A  piece  of  stone-work  is  40  feet  lonj,  20  feet  high,  BBdM 
inches  tiuck.  how  many  perches  are  contained  in  it? 

40  length. 
20  heiiht. 

80O 
24 

3200 
1000 

21)  P.   F.  In. 

18)  IMOO    (1008    (  60   10    8 
18  105 

120            10 
106        

120 

106 

12  equal  fco  8  inches. 

The  method  last  described^of  finding  the  value  of  mason^s 
work,  is  usually  adopted,  the  perch  being  the  standard  of 
the  country ;  but  the  most  expeditious  way  of  ascertaining 
the  value,  is  to  cube  the  contents  of  the  wall,  and  to  charge 
the  work  at  per  foot.  To  ascertain  the  value  of  common 
stone- work,  a  calculation  should  be  made  of  the  prime  cost 
of  all  the  component  parts,  consisting  of  the  stones  in  the 
quarry,  the  expense  of  quarrying,  land-carriage  to  the  place 
where  it  is  to  be  used,  with  the  extra  trouble  and  consequent 
expense  in  carrying  the  stone  one,  two,  three,  or  more 
stories  higher.  Also  the  price  of  the  lime  when  delivered,  to- 
gether with  the  extra  expense  of  wages  to  workmen,  if  in  the 
country ;  all  these  circumstances  must  be  taken  into  consi- 
deration in  finding  the  value  of  a  perch  of  common  stone- 
work, the  expense  of  whicb  will  be  round  to  vary  according  to 
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ircamiitimces,  in  d^rrccs  scarcely  credible ;  wheicSMne 
lite  price  cannot^  with  propriety^  be  fixed. 


BRICKLAYING 

milding  upon  an  inclined  plane,  or  rising  groinidy  the 
ition  mnst  be  made  to  rue  in  a  series  of  lerel  steps, 
ling  to  the  general  line  of  the  ground,  to  insure  a  firm 
r  the  courses,  and  preirent  tlwm  from  sliding ;  for  if 
ode  be  not  adopted,  the  moisture  in  the  foundations  in 
'eather,  will  induce  the  inclined  parts  to  descend,  to 
mifest  danger  of  fhu:turing  the  walls  and  destroying 
ilding. 

railing,  in  dry  weather,  when  the  work  is  re^idred  to 
n,  the  best  mortar  must  be  used ;  and  the  bncks  must 
tted,  or  dipped  in  water,  as  they  are  laid,  to  caos^ 
to  adhere  to  the  mortar,  which  thew  would  not  do  if 
y ;  for  the  dry  sandy  nature  of  the  brick  absorbs  the 
ne  of  the  mortar  and  prerents  adhesion. 
■Trying  up  the  wall,  noc  more  than  four  or  five  feet  of 
It  should  be  built  at  a  time  ;  for,  as  all  walls  shrink  im- 
Kehr  after  building,  the  part  which  is  first  carried  up  will 
before  the  adjacent  part  is  carried  up  to  it,  and,  oon- 
itly,  the  shrinking  of  the  latter  will  cause  the  two 
to  separate ;  therefore,  no  part  of  a  wall  should  be 
I  higher  than  one  scaffold,  without  hating  its  contin- 
irts  added  to  it.  In  carrying  up  any  particular  part, 
ids  should  be  regularly  sloped  off,  toreodfe  the  bond 
adjoining  parts  on  the  right  and  left, 
re  are  two  descriptions  of  bonds ;  EngUsk  bamdy  and 
iA  homd.  In  the  Ettgiish  bond,  a  row  w  bricks  is  laid 
■ise  on  the  length  of  the  wall,  and  is  crossed  by  aao* 
«r,  which  has  Its  length  in  the  breadth  of  Che  wall, 
«B  alternately.  Those  courses  in  wiucfa  the  lengths 
bncks  are  disposed  throocrfa  the  length  of  the  wall, 
*iret€hing  cmtnesj  and  the  bricks  streirher»  t  and 
In  crhich  the  bricks  run  in  the  thickness  uf 
of  the  walls,  headimg  oamr9e9,  afid  the  \rtUtUi 


ocKTiption  of  bond,  called  FUmUh  lumA^  «m- 
SEC  a  header  and  a  stretcher  aiterr>aU;ly  in  dm 
e_    'Tbe  iaizer  is  deciDed  the  at»Umip  and  SMSC 
;  riK.  £2  ibe  execuaon  Is  aoeaded  wiUj  vrifat  iiMffm- 
ttg  ■"■•^^  iz,  zDos:  cases,  does  uA  uuiUi  tim  parts  of  a 
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waU  with,  toe  same  degree  of  firmness  as  the  English  bond. 
In  general,  it  may  be  observed,  that,  whatever  l^]▼antage■ 
are  gained  by  the  English  bond  in  tyin^  a  wall  together  in 
its  thickness,  they  are  lost  in  the  longitudinal  bond ;  and 
vice-versa.  To  remove  this  inconvenience,  in  thick  walls, 
some  builders  place  the  bricks  in  the  cone  at  an  angle  of 
forty-five  degreies,  parallel  to  each  other,  throughout  the 
length  of  every  course,  but  reversed  in  the  alternate 
courses ;  so  that  the  bricks  cross  each  other  at  right  an- 
gles. But  even  here,  though  the  bricks  in  the  cone  have 
sufficient  bond,  the  sides  are  very  imperfectly  tied,  on  ac- 
count of  the  triangular  interstices  formed  by  the  oblique 
direction  of  the  internal  bricks  against  the  flat  edges  of  those 
in  the  outside. 

Concerning  the  English  bond,  it  may  be  observed,  that, 
as  the  longitudinal  extent  of  ,a  brick  is  nine  inches,  and  its 
breadth  four  and  a  half,  to  prevent  two  vertical  joints  firom 
running  over  each  other  at  the  end  of  the  first  stretcher 
from  the  corner,  it  is  usual,  after  placing  the  return  comer 
stretcher,  which  occupies  half  of  the  leo^  of  this  stretcher, 
and  becomes  a  header  in  the  face,  as  the  stretcher  is  bj-* 
loiv,  to  place  a  quarter  brick  on  the  side,  so  that  the  two 
together  extend  six  inches  and  threc-quartei-s,  being  a  lap 
of  two  inches  and  a  half  for  the  next  header.  The  bat  thus 
introduced  is  called  a  closer.  A  similar  effect  may  be  ob- 
tained by  introducing  a  three-quarter  bat  at  the  comer  of 
the  stretching  course,  so  that  the  corner  header  being  laid 
over  it,  a  lap  of  two  inches  and  a  quarter  will  be  left,  at 
the  end  of  the  stretchers  below,  for  the  next  header,  which 
being  laid  on  the  joint  below  the  stretchers,  will  coincide 
with  its  middle. 

In  the  winter,  it  is  very  essential  to  keep  the  unfinished 
wall  from  the  alternate  effects  of  rain  and  frost ;  for  if  it  is 
exposed,  the  rain  will  penetrate  into  the  bricks  and  mortar, 
and,  by  being  converted  into  ice,  expand,  and  burst  or 
crumble  the  materials  in  which  it  is  contained. 

The  decay  of  buildings,  so  commonly  attributed  to  the 
effects  of  time,  is,  in  fact,  attributable  to  this  source ;  but 
as  finished  edifices  have  only  a  vertical  surface,  the  action 
and  counter-action  of  the  rain  and  frost  extend  not  so  ra* 
pidly  as  in  an  unfinished  wall,  where  the  horizontal  sur- 
face permits  the  rain  and  frost  to  have  easy  access  into  the 
body  of  the  work.  Great  care,  therefore,  must  be  taken  as 
soon  as  the  frost  or  stormy  weather  sets  in,  to  cover  the  un- 
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hnmhed  walla,  eilber  with  straw,  which  is  the  most  cora- 
mon>  or  weather  boarding. 

WTien  weather  board iug  is  employed,  it  is  advisable  to 
have  a  good  layer  of  straw  between  the  work  and  tlic  board- 
ing, and  to  plaoi  the  boarding  in  the  form  of  stone-coping, 
to  throw  the  water  off  equally  on  both  sides. 

A  number  of  very  pleasing  cornices  and  other  ornaments 
raay  be  formed  in  brick-workj  by  the  mere  disposition  uf 
the  bricks,  without  cutting  ;  and  if  cut,  a  simple  chanjpher 
will  be  sufficient.  A  great  defect,  however,  is  very  often 
observable  in  these  omamenta,  particularly  in  the  bulging 
of  arches  over  windows  ;  which  arises  from  mere  carelesa- 
uess,  in  rubbing  the  bricks  too  much  on  the  inside  ;  whei*e- 
As,  if  due  care  were  taken  to  rub  them  exact  to  the  gauge, 
their  geometrical  bearings  being  united,  they  would  all  tend 
to  one  centre,  and  produce  a  well-  proportioned  and  pleasiug 
effect. 

In  steining  wells,  it  is  necessary  first  to  make  a  centre, 
consisting  of  a  boarding  of  inch  or  inch  and  ii  half  stuff, 
ledged  within  with  three  circular  rings,  upon  which  the  bricks, 
all  headers,  arc  laid*  The  vacuity  between  the  bricks  towards 
the  boarding,  arc  to  be  filled  in  witli  tile  or  other  pieces  of 
brick.  As  the  well-sinker  proceeds  to  excavate  the  ground, 
the  centre  with  its  load  of  bricks  sinks,  and  another  similarly 
t'harged  is  laid  upon  it,  and  an<»ther  upon  that,  and  so  on  till 
the  ivall  is  complete,  tlie  centreing  remaining  with  the 
brick-work*  Tliis  plan  is  generally  adopted  iu  London,  ut 
least  where  the  soil  is  sandy  and  loose ;  where  it  is  lirm, 
centreiugs  are  not  requisite.  In  tbecounti7,  among  many 
other  methods,  the  following  is  most  approved  : — rings 
of  timber,  without  the  exterior  boarding,  are  used  ;  upon  the 
first  ring,  four  or  five  feet  of  bricks  are  laid,  then  a  nccond 
ring,  and  so  on.  But  the  mode  before  described  is  by  tar 
the  most  preferable  j  as  in  the  latter  the  sides  of  the  brick- 
work are  apt  to  bulge  in  sinking,  particularly  if  ^»rcat  care  bo 
not  taken  in  filling  and  ramming  the  sides  unilonnly,  so  as 
to  keep  the  pressure  regular  and  equal.  In  steining  wells 
Md  building  cesspools,  a  rod  of  brick-work  will  require  at 
least  4760  bricks. 

As  the  construction  of  walls,  arches,  groins,  &e.  in 
brick-work,  approximates  so  nearly  to  that  of  stone-work, 
aod  as  the  same  observations  generally  apply,  further  infor- 
mation would,  perhaps,  be  considered  superfluous  ;  we 
shall,  therefore,  conclude  this  article  with  some  practical 
obwrratjons  on  the  measuring  of  brick-work. 


•-^    -  Aim  MicmfftsTi 

IvitioDS  of  the  earth  arc  measured  by  the  :   l?   V  r  oi 
yupfl^  which  they  contain,  therefore,  to  find  ber 

CTif  '  -  ID  a  trench,  find  the  solidity  of  tl  h  in 

iic  i  MJ  divide  it  by  27,  the  number  of  ci  t  m 

and  the  quotient,  is  the  number  of  cubic  yardsi  and 
remainder  the  number  of  cubic  feet, 

eicaA{>le,  the  length  of  »  trench  is  GO  feet,  the  depth  3  £eet,  4iid 
mdth  Sfeet. 

60 


27  )3G0(  la    9  the  aiuvrer. 
87 


In  the  horizontal  dimensions,  if  the  trench  be  wider  at  the 
than  it  is  at  the  bottom,  and  equal  at  the  ends,  take 
'  the  sum  of  the  two  dimensions  for  a  mean  breadth  ; 
if  the  breadth  of  one  end  of  the  trench  exceed  that  of 
the  other,  so  as  to  have  two  mean  breadths,  differing  from 
each  other,  take  half  the  sum  of  the  two  added  together,  as 
«  mean  breadth  of  the  whole.' 

lo  measuring  the  footing  of  a  wall,  multiply  the  length 
and  the  height  of  the  courses  together;  then  muUi(jly 
the  product  by  the  number  of  half  bricks  in  the  mean 
lih,  divide  the  last  product  by  3,  and  the  quotient  is 
answer  in  reduced  feet.  Instead  of  measuring  the 
'lieitc^t  of  the  footing,  it  is  customary  to  aJlow  three  inches 
to  cracb  course  in  height,  or  multiply  thenuml^er  of  courses 
by  3,  which  gives  the  height  in  inches. 

To  find  the  contents  in  rods  of  a  piece  of  brick  work, 

r«*r  t.  ff  llM  mdl  be  of  the  fUndainl  tltirknest,  diride  the  area  of  Cbe 

vaD  by  tTi.  nnd  th<»  quotient  i«  the  nuniber  of  nxls.  and  the  rrntaiiHknr 


tl»e  ntimbrr  ^ 
a<wd  a  half  i 
lialf  tirkkfi,   t? 

Caaelt.   9 
111*  molimt  w 


it  if  the  waU  be  either  nuire  or  lea&  than  a  brick 

multiply  the  area  of  the  wall  by  the  DumWr  of 

" '  r  of  half  Jr  "a  brirk  ,"  divide  the 

'he  iraJJ  t  >fd  thicknM*  «f  || 

'^'"^  and  it  «^ii  r»vr  tbe  number  of  radt* 

f«et  coBtatoed  in  the  wall  \ty  906 ; 

....u:,.>  w.  n  ids,  and  like  remaioder  tbe  ntonbcr 


Cmm  tlL  BItiltiply  the  numter  of  cubic  feet  is  a  wkR  by  8 ;  dtiide  tbe 
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protel  hf^;  and  tte  qaolieiil  will  gkn  tlie  ami  of  tib*  wmB  at  t 
■UmdAid:  dividfl  tlui  itandird  area  bf  87i»  and  the  qnotint  will  || 
tlie  number  of  rodi ;  the  reniaiiider  the  rediiced  feet. 

Exanpb.  Thfc  lei^fth  of  a  wall  is  0  feet,  the  height  90  feet,  and  £ 
^hiekneta  eqnal  to  m  length  of  three  bri<^  ;  It  is  therefore  TeqoA 
t»  know  how  OUT  rodi  of  bridE-wark  is  eontained  in  thsaaidwiUf 
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80 


3)7800 


rrs  )  2400  (  8  rods  £9i  feet  the  answer. 
2176 

2S4 
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80 


1200 

S^  thick  UCS8  ui  wnll 

2100 
800 

30S  )  8700  (  8  rods  852  feet  the  answer. 
2148 

252 


•Case  IlL  60 

20 

1800 
2.3 

2400 
800 

8700 
8 

0)21000 

«78)  8400 (8rods 884 feet,  at  faiCawl 
8176 
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In  the  calculation  of  brick- work,  where- there  ore  Be\'cnil 
\rftlls  of  different  thicknesses,  it  wilJ  be  quite  \iiineccs«aiy 
to  use  the  divisors  3  and  272,  as  will  be  hereafter  shoivn. 

In  taking  dinieiision^  for  workmaiiship,  it  is  usnui  to 
allow  the  length  of  each  wall  on  the  external  side,  to  com- 
pensate for  plumbine^  the  aug^lcs  ;  but  this  practice  must  not 
be  resorted  to  for  labour  and  materials,  as  it  gives  too  much 
quantity  in  the  height  of  the  building  or  story  by  two  j)il- 
lars  of  brick  ;  and  in  the  horizontal  dimensions  by  the 
thicknesn  of  the  walls. 

in  measuring  walls,  faced  with  bricks  of  a  superior  qua- 
lity, mpst  surveyors  measure  the  whole  as  comtnon  work, 
and  allow  an  additional  price  per  rod  for  the  facing,  as  the 
superior  excellence  of  the  work,  and  qiiality  of  the  bricks 
may  deserve. 

Every  recess  or  aperture  made  in  any  of  the  faces  must 
be  deducted ;  but  an  allowance  per  foot  lineal  should  be 
nuade  upon  every  right  angle,  wht?ther  external  or  internal, 
excepting  when  two  external  angles  may  be  formed  by  a 
lirick  in  breadth,  and  then  only  one  of  them  must  be  al* 
lowed. 

Gauged  arches  are  sometimes  deducted  and  charged  se- 
parate ;  but  as  the  extra  price  must  be  allowed  in  the  for- 
mer case,  it  will  amount  to  the  same  thing. 

In  measuring  walls  containing  chimnej^s,  it  is  not  custom- 
ary to  deduct  the  flues ;  but  this  practice,  so  far  as  re- 
^rds  the  materials,  is  unjust,  though,  perhaps,  by  taking 
the  labour  and  materials  together,  the  overcharge,  with 
respect  to  the  quantity  of  bricks  and  mortar,  may,  in  some 
degree,  compensate  for  the  loss  of  time  :  on  the  other  hand, 
if  the  proprietor  finds  the  materials,  it  is  not  customary  to 
allow  for  the  trouble  of  forming  the  flues,  which,  conse- 
quently, is  a  loss  to  the  contractor  who  has  engaged  by 
task-work  or  measure. 

If  the  breast  of  a  chimney  project  frorti  the  face  of  the 
wall,  and  is  parallel  to  it,  the  beat  method  is,  to  take  the 
horizontal  and  vertical  dimensions  of  the  face,  multiply  them 
together,  and  multiply  the  product  by  the  thickTicss,  taken 
in  the  thinnest  part,  without  noticing  the  breast  of  the 
chimney;  then  find  the  solidity  of  the  breast  itself,  add 
these  solidities  togetJier,  and  the  sum  will  give  the  solidity  of 
the  wall,  including  the  vacuities,  which  must  be  deducted 
for  the  real  solidity.  Nothing  more  is  necessary'  to  be  said 
of  the  shaft,  than  to  take  its  dimensions  in  height,  breadth, 
and  thickness,  in  order  to  ascertain  its  solidity. 
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If  a  chimney  be  placed  at  an  angle,  with  the  face  of  toe 
breast  intersecting  the  two  sides  of  the  wall,  the  breast  oC 
the  chimney  must  be  considered  a  triangular  prism.  To 
take  the  dimensions  : — from  the  intersections  of  the  front  of 
the  breast  into  the  two  adjacent  walls,  draw  two  lines  m 
the  floor,  parallel  to  each  adjacent  wall ;  then  the  triangle 
on  the  floor,  included  between  the  front  and  these  lines,  will 
be  equal  to  the  triangle  on  which  the  chimney  stands,  and, 
consequently,  equal  to  the  area  of  the  base.  To  attain  the 
area  of  the  triangular  base,  the  dimensions  may  be  taken  in 
three  various  ways,  almost  equally  easy ;  one  of  which  is, 
to  take  the  extent  of  the  base,  which  is  the  horizontal  di- 
mension of  the  breast,  and  multiply  it  by  half  of  the  per* 
pendicular ;  or  multiply  the  whole  perpendicular  by  half 
the  base :  but,  as  this  calculation  would,  in  cases  of  odd 
numbers,  run  somewhat  long,  a  more  preferable  method  is^ 
to  multiply  the  whole  Irnsc  by  the  whole  perpendicular,  and 
take  half  of  the  product,  which  will  give  the  area  on  which 
the  chimney  stands  ;  and  which,  multiplied  by  the  heigbt^ 
gives  the  solid  contents  of  the  chimney.  From  this  contents 
is  to  be  deducted  the  vacuity  for  the  fire-place, 

A  row  of  plain  tiles,  laid  edge  to  edge,  with  their  broad 
surfaces  parallel  to  the  termination  of  a  wall,  so  as  to  pro- 
jcct  over  the  ^rall  at  right  angles  to  the  vertical  surface,  if 
called  .^ift^h"  piam  tile  creasing  \  and  two  rows,  laid  One 
above  the  other,  the  one  row  breaking  the  joints  of  ttic 
other,  arc  called  double  plain  tile  creasing. 

Over  the  plain  tile  creasing  a  row  of  bricks  is  placed 
on  edge,  with  their  length  in  the  thickness  of  the  wall,  aod 
are  called  a  barge  course,  or  cope. 

The   bricks   in  gables,  which  terminate  with  plain 
creasing  coped  with  bricks,  in  order  to  form  the  sloping 
for  the  plain  tile  ercasing,  must  be  cut,  and  the  sloping 
the  bricks  thus,  is  called  cut  splay. 

Plain  tile  creasing  and  cut  splay  are  charged  by  the  fbot 
run  *i  ami  the  latter  is  sometimes  charged  by  the  superfidil 
foot. 

A  briek  wall  built  in  pannels  between  timber  quarters  is 
called  bnrk  noggin g ;  and  is  generally  measured  by  the  yard 
afpiare,  the  (]uarters  and  nogging  pieces  being  included 
thcnieaHrire. 


,  aod 

I 
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Pointing  is  the  filling  up  the  joints  of  the  bricks  after 
walls  arc  built.     It  consists  in  raking  out  some  of  the  mor- 
tar from  the  joint*,  and  filling  them  again  with  blue  mor^ 
tar,  and  in  one  kind  of  pointing,  the  courses  are  simDlf 
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$ked  with  the  end  of  a  trowel,  ctiWedflat-Jaint  pmntings 

tif,  in  addition  to  flat-joint  jioiuting,  plaster  be  iuserted 
the  joint  with  a  regular  projectioD,  and  neatly  paved  to 
Cirallel  breadth,  it  is  termed  /tick  pointhtg,  or  hick-jomt 
tijigf  or  formerly,  hick^  mid  patt.  Pointing  is  measured 
jibe  kwt  superficial,  including  in  the  price,  mortar,  labour, 
1  scaflfolding. 

Rubbed  and  gauged  work  is  set  ta  putty  or  mortar  ;  and 

lijcasnred  citlicr  by  the  foot  superficial,  or  the  foot  run, 

uding  to  the  manner  in  which  it  is  constructed. 

meiKuring  canted  bow  windows,  the  ijides  are  con- 

ag  continued  straiglit  lines ;  but  the  angles  on  the 

ior  side  of  the  building,  whether  they  be  external  or 

'mal,  are  allowed  for  in  addition,  and  paid  for  under  the 

lomtnation  of  run  of  bird* s  month.     All  angles  within  the 

Iding,  if  oblique,  from  whatever  cause  they  are  made, 

ler  by  straight  or  circular  bows,  or  the  splays  of  windows, 

allowed  for,  under  the  head  o»  nm  of  cttt  spfai/. 

Jrick  cornices  arc  measured  by  the  lencal  foot ;  but  as 

ious  kinds  of  cornices  require  more  or  less  dilTiculty  iu 

I  exccutioti,  the  price  must  depend  on  the  labour  and  the 

DC  of  Uhe  nmtcrial  used. 

}ardcn  walls  are  measured  the  same  as  other  widls,  but  if 
crrupted  by  pici-s,  the  thin  part  may  be  measured  as  in 
pmon  walling,  and  the  piers  by  tliemselve*,  making  an 
[>wance,  at  per  foot  run,  lor  the  right  angles  The  coping 
measured  by  itself,  according  to  the  kind  employed. 

Ev'ing  is  laid  either  with  bricka,  or  tiles,  and  is  measured 
e  yard  square.  The  price,  per  yard,  is  regulated  by  the 
ler  iu  which  the  bricks  or  tiles  are  laid,  whether  flat  or 
te-ways,  or  whether  any  of  them  be  laid  in  sand  or  mortar. 
The  cjrcuhir  parts  of  drains  may  be  reduced  either  to  the 

Cidard,  or  the  cubic  foot ;  and  the  number  of  rods  may,  if 
ulred,   be  taken.      The  mean  dimensions  of   the  arch 
be  found,  by  taking  the  half  sum  ot  the  exterior  and  in- 
ior  circumferences  j  but,  perhaps,  it  wei-c  better  to  make 
price  of  the  common  measure,  whether  it  be  a  foot, 
I,  or  rod,  greater  as  the  diameter  is  less  j  but  as  the  re- 
»roca)  ratio  would  increase  the  price  t04>  much  in  small 

Kncters,  perhaps  prices  at  certain  diameters  would  be  n 
cicnt  regulation. 

le  following  tables  will  be  found  an  accjuisition  to  I  hose 
ms  to  whom  a  saving  of  time  is  an  object  >— 
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TABLB  I. 

This  Table  diewi  wfmX  quantity  of  bricki  are  necenarr  to  comftnul 
pieee  of  brick-work  of  any  gfiven  dimensionB,  from  half  a  brick  to  ti 
bikki  and  a  half  in  thickneaa ;  and  by  whidi  the  nomber  for  any  tUd 
nets  may  be  found. 

This  Table  is  at  the  rate  of  4500  bricks  to  the  rod  of  reduced  brid 
wori^  including^  ffaste. 


Am  of 

The  numbsr  of  brick*  I  hick  arid  the  quantity  required. 

thi  fMm 

vf  wtHL 

IMifc. 

Ibrick. 

11  brif^k. 

ibdekM. 

Slfecickt. 

S 

1] 

16 

SS 

27 

li 

S2 

S3 

44 

SS 

1« 

93 

49 

66 

92 

Sf 

44 

€6 

88 

110 

97 

SS 

as 

110 

137 

93 

6Q 

99 

132 

165 

39 

77 

115 

154 

193 

0 

44 

SS 

139 

176 

sao 

4ft 

B9 

H8 

I9S 

ses 

10 

SS 

no 

165 

220 

*75 

SD 

110 

2^ 

390 

441 

J5I 

SO 

t65 

330 

4»€ 

661 

837 

40 

Si!0 

441 

661 

883 

1103 

JO 

375 

551 

fiS7 

1103 

1378 

60 

390 

661 

992 

1323 

IbSS 

70 

38fi 

77S 

1153 

1544 

1930 

80 

44  [ 

8&3 

1333 

1764 

S905 

90 

496 

993 

I48S 

1985 

24SO 

100 

551 

tios 

1654 

2305 

2757 

fZOO 

noz 

3205 

3303 

44rt 

55(4 

900 

IG54 

3308 

4963 

6617 

8273 

400 

asos 

4411 

6617 

S8-J3 

1!,0L'9 

900 

*757 

S5I4 

8272 

l),0S9 

I3,78fi 

«00 

3S0S 

6617 

9926 

13.235 

16,.'i44 

700 

3S60 

77SO 

11,560 

15,44  f 

19,301 

soo 

4411 

fiK^a 

13/235 

17,647 

33,058 

soo 

4963 

9926 

14,889 

19,852 

S4.816 

1000 

£514 

ll,0S9 

16,544 

22,058 

27,573 

sooo 

H^29 

22,059 

3^.088 

44,117 

55,147 

3000 

16*544 

fla^sa 

49,632 

66,176 

if2,7aO 

«»0 

S2,058  I 

44,117  i 

66,176  ' 

aa.srsj 

110,'i94 

SQOQ 

37,573 

55,147 

83,730 

110,294 

137,867 

eooo 

S^jOBB 

66,176 

99^264 

I32ii52 

165,441 

7000 

38,603 

77,205 

115,808 

154,411 

193^14 

tooo 

44,117 

08,9*5 

13S,353 

176,470 

280,588 

9000 

49.632 

99,S64 

14B,89»6 

1 98,529 

948,161 

10,000 

55,14* 

1 10,294 

165, 4-11 

220,568 

375.735 

30,000 

i  I0.2&4 

2^.5  rifi 

330.889 

441,176 

551,470 

SO,000 

165,441   ' 

330,8S2 

496,323 

6ftl,764 

827,^5 

^0.000 

22U,SB$ 

441,176 

661,764 

882,35s 

1,102,940 

50,000 

375,735 

551,470 

8*7,305 

1,102,940 

1, 378,675 

€0.000 

330,«8« 

661,764 

992,64€ 

1,323,538 

1, 65  4  j4 10 

70,000 

386,029  I 

772,05B 

1,158,087 

1,544,116 

It930,l45 

•0,000 

44U76 

BmS5^2 

],a23,528 

1,764,704 

3,905,8«O 

HOfiQQ 

49C,3« 

993,646 

1,498,969 

1,985,293 

3j48l,ei5 
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rhe  left- hand  column  contains  tbe  number  of  superficial 
t  contained  in  the  wall  to  be  built :  the  adjacent  columns 
w  the  uutTiber  of  bricks  required  to  build  a  wall  of  the 
erent  thicknesses  of  (,  1,  l},2y  and  2f  brickfl, 

Imnplt.  Suppoie  it  be  required  tu  And  the  number  of  hnckt  necM- 
r  to  build  a  wall  1  brick  thick,  contabing'  an  area  of  57(K>  feet  ? 
ifclook  for  6000  in  the  hh  bfind  column^  .ind  fnu  \rlll  find  that  it  takes 
I47brickt»  add  to  tiii»  quanlitv,  the  uumbar  necesBarj  for  each  of  the 
tr  component  parti,  a.ijd  we  sliall  have  the  rollowiQg^ 
5000  will  require  55147 
700     ...     .    7790 
60     ...    .       001 


5780 


eS>588 


TABLE  II. 

lewt  the  number  of  rodi  contained  in  anj  nuoiber  of  superficial  feet, 

1  Ito  10,005,  artd  from  i  a  brick  to  ^i  bricks     and  then  re  b^  addi- 
Ut  *nj  Dumber,  and  to  any  thickue&St  at  the  rate  of  4500  bricki  tu 


iST 

4  brick. 

I  btick. 

1^  brick. 

2  bricki. 

S|  biickM, 

™p' 

R.Q. 

F.ln. 

rTq' 

F.  In. 

R.Q.F.In, 

n.  Q.  F.  Id, 

B.Q.P.In. 

1 

0  0 

04 

00 

0  a 

0  0     10' 

0  0     14 

0  0    1  a 

9 

0  a 

0  8 

0  0 

1   4 

0  0     S  0 

0  0    i  a 

00    94 

M 

0  0 

1  0 

0  0 

2  O 

0  0     3  0 

0  0     4  0 

00    50 

4 

0  0 

]    4 

00 

2  a 

O  0     4  0 

0  0     5  4 

00  a  a 

S 

0  0 

1   B 

00 

3  4 

0  0     5  0 

DOGS 

00    S4 

« 

00 

3  0 

0  0 

4  0 

0  0     6  0 

0  0     8  0 

0  0  to  0 

7 

0  0 

9  4 

Q  0 

4  « 

0  0     7  0 

0  0     9  4 

0  0  11  a 

S 

0  0 

S  B 

0  0 

5  4 

0  0     8  0 

0  0   10  8 

O  0  19  4 

9 

0  0 

S  0 

00 

6  U 

0  0     9  0 

0  0    IS  0 

0  0  15  0 

10 

0  0 

3  4 

0  0 

G  S 

0  0  10  0 

9  a  13  4 

0  0  le  8 

11 

0  0 

3  a 

oo 

7  4 

0  0   1  1  0 

0  0  14  8 

0  0  IB  4 

19  1 

0  0 

4  0 

00 

a  0 

0  0  12  0 

0  0  10  0 

00  900 

13 

0  0 

4  4 

00 

8  8 

9  0  [3  0 

0  0  17  4 

0  0  91  « 

H 

0  0 

4  a 

00 

9  4 

0  0   14  0 

0  0  18  8 

0  0  «il4 

15 

0  0 

5  0 

0  0  ]o  0 

0  0  15  0 

0  0  90  0 

0  0  95  0 

16 

0  0 

5  4 

0  0  10  8  : 

0  0  lA  0 

0  0  Jl   4 

0  0  9«S 

17 

0  0 

5  8 

go 

11  4 

0  0  17  0 

0  0  99  8 

0  0  98  4 

ja 

0  0 

3  0 

00 

13  0 

0  0  18  0 

D  0  94  0 

0  0  900 

19 

0  0 

6  4 

0  0 

IS  8      0  0  19  0 

0  0  95  4 

o  0  Si  a 

90 

0  0 

6  B 

0  0 

13  4     0  0  SO  0 

0  0  2fi  8 

00  39  4 

tft 

0  0 

7  0 

0  0 

H  0 

OOtl  0 

0  0  2a  0 

0  0  3JI  O 

92 

0  0 

7  4 

00 

14  a 

0  0  39  0 

0  0  89  4 

0  0  3«  a 

93 

D  0 

7  8 

0  0 

15  4 

0  0^0 

0  0  30  a 

0  0  38  4 

94 

0  a 

8  0 

O  0 

le  0 

0  0  f  4  0 

0  0  32  0 

00  40O 

25 

0  0 

S  4 

0  0 

16  a 

0  0  M  0 

0  0  33  4 

0  0  41  a 

S« 

D  0 

s  a 

0  0 

17   4 

0  a  ss  0 

0  0  34  8 

0  0  43  * 

S7 

00 

9  Q 

0  0 

18  0 

0  0  97  0 

g  0  36  0 

0  0  45  0 

m 

0  0 

d  4 

0  0 

la  s 

0  0  38  0 

0  0  37  4 

0  0  16  B 

£9 

0  0 

9  a 

O  0 

t»  4 

0  0  99-0 

0  0  38  8 

0  0  48  4 

30 

0  0  ]f»  0 

0  0  9O0 

0  0  90  0 

0  0  40  0 

0  0  M>0 

Si 

0  O  10  4 

0  0  «)  s 

0  0  31  0 

0  0  41  4 

0  0#1  » 

666 
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Mp. 

i  brick. 

1  brick. 

U  brick. 

9  bricks. 

9)bricki. 

R.ap.iB 

R.Q.P«I]1. 

R.aP.bl. 

R.Q.F.ln. 

R.Q.F.IB. 

ta 

0  0  10  8 

0  0  91  4 

00880 

004t  8 

00534 

83 

0  0  11  0 

00920 

00S9  0 

00  44  0 

00550 

u 

0  0  11  4 

0099  8 

0  0  840 

00454 

00  588 

85 

00  11  8 

0093  4 

0  0  35  0 

0046  8 

0058  4 

89 

0  0  19  0 

0  0  94  0 

00  86  0 

0  0  480 

00  800 

37 

0  0  19  4 

0  0  94  8 

0  0  37  0 

0  0  49  4 

0  0  61  8 

88 

0  0  19  8 

0  0  95  4 

00  38  0 

0050  8 

00634 

89 

0  0  IS  0 

00  96  0 

0  0  89  0 

0  0  59  0 

0  0  650 

40 

0  0  IS  4 

0  0  96  8 

0  0  40  0 

0  0  53  4 

00668 

41 

0  0  13  8 

0  0  97  4 

0  0  41  0 

0  0  54  8 

0  10  4 

49 

0  0  14  0 

00  98  0 

0  0  49  0 

0  0  56  0 

0  1     90 

43 

0  0  14  4 

00  98  8 

0  0  43  0 

0  0  57  4 

0  18  8 

44 

0  0  14  8 

0  0  99  4 

0  0  44  0 

00  58  8 

0  15  4 

45 

0  0  15  0 

0  0  90  0 

0  0  45  0 

0  0  60  0 

0  17  0 

46 

0  0  15  4 

0  0  30  8 

0  0  46  0 

0  0  61  4 

0  18  8 

47 

0  0  15  8 

0  0  31  4 

0  0  47  0 

00  69  8 

0  1   10  4 

48 

0  0  16  0 

0  0  39  0 

OO  48  0 

0  0  64  0 

0  1   19  0 

49 

0  0  16  4 

0  0  39  8 

0  0  49  0 

0  0  65  4 

0  1    13  8 

50 

0  0  16  8 

0  0  9S  4 

00500 

0  0  66  8 

0  1    15  4 

80 

0  0  200 

00  400 

00600 

0  1    19  0 

0  1  39  0 

70 

0  0934 

0046  8 

0  190 

0  1  95  4 

0  1  48  8 

80 

0  0  96  8 

0  0  53  4 

0  1  19  0 

0  1  38  8 

0  1  65  4 

90 

0  0  SOO 

0  0  60  0 

0  1  990 

0  1  59  0 

0  9  14  0 

ino 

0  0  S3  4 

0066  8 

0  I  890 

0  1  65  4 

09308 

900 

00  66  8 

0  1  65  4 

09  640 

0  3  69  8 

1  0  61  4 

800 

0  1  89  0 

0  9  640 

1  0  98  0 

1  1  600 

1  8  94  0 

400 

0  1  65  4 

0  3  69  8 

1   1  600 

1  3  57  4 

9  1  54  8 

500 

0  9  808 

1  0  81  4 

1  3  94  0 

9  1  54  8 

3  0  17  4 

COO 

0  9  640 

1   1  GO  0 

9  0  56  0 

9  3  59  0 

3  9  480 

700 

0  S  SO  4 

1  9  58  8 

9  9  900 

9  1  49  4 

4  1   10  8 

800 

0  9  69  8 

1  3  57  4 

9  3  53  0 

3  3  46  8 

4  S  41  4 

900 

1  0  980 

9  0  56  0 

3  1  16  0 

4  1  44  0 

5  9     4  0 

1000 

1  0  81  4 

9  1  54  8 

3  9  48  0 

4  3  41  4 

6  0  34  8 

9000 

9  1  54  8 

4  3  41  4 

7  1  98  0 

9  3  14  8 

19  1      14 

8000 

3  9  48  0 

7   1  98  0 

11  0    80 

14  9  56  0 

18  1  36  0 

4000 

4  3  41  4 

9  3  14  8 

14  9  56  0 

19  9  99  4 

S4  9     9  8 

sono 

6  0  34  8 

)9  1     1  4 

18  1  86  0 

94  9    S  8 

10  9  37  4 

8000 

7   1  98  0 

14  9  56  0 

99  0  16  0 

99  1  44  0 

!6  3     4  0 

7000 

8  9  91  4 

17  0  49  8 

95  9  64  0 

34  1    17  4 

19  3  38  8 

8000 

9  S  14  8 

19  9  99  4 

99  1  440 

39  0  58  8 

19  0     5  4 

9000 

110    8  0 

99  0  16  0 

33  0  94  0 

44  0  89  0 

55  0  40  0 

10000 

19  1     1  4 

94  9    9  8 

96  3     4  0 

490    5  4 

61   1     6  8 

The  left-hand  column  contains  the  area  of  the  wall  in  superficial  feel 
the  adjacent  coliunnt  the  <|uantitj,  reduced  to  the  standard  thickness,  ai 
cordinf  to  the  different  thicknesses  en  the  top. 

Example.  What  is  the  quantity  of  reduced  brick-work  in  a  wall  contah 
ine  4540  superficial  feet.  Shrieks  thick  ? 

Divide  m  number  as  in  the  preceding^  table,  into  its  component  part 
laj  4640aB  4000  -f  500  ^  40»  then  by  the  Uble. 

R.  Q.  F.  In. 
lOOOcontains  19    8    89    4 
500    ...    9    1    54    8 
40    ...    O    0    58    4 

88    I      1    4 


Hm  Mine  hj  rule* 


Am  M  ACBIMMT4 

4SI0 

4  number  of  half  brieki* 


fW 


8)18160(         R.  Q.  F.  In.  m  tbore. 

272)  0OSS-|>  4(23    1    1    4 
544 


613 
541 

I  of  a  rod  68)  69  (1 


TABLE  III. 


the  rahie  of  reduced  bnck-vork  per  rod»  calcnUled  at  the  •#• 
ml  prices  of  £8  5r.  £8  lOi.  £S  15t.  £4(k.  £4 5t.  and  £4  Uk.  per  rod 
w  mortar,  labour,  and  Bcaffoldin^ ;  and  of  brickt  from  £1  lOr.  to  £8 
f*  per  tlioaiaod ;  allowing  4500bricki  to  the  rod. 


£.  a. 
1  10 
1  13 
1  14 
I  16 

1  16 

2  0 
S  9 
2  4 
2  6 
2  • 
2  10 
2  12 
2  14 
2  16 
2  16 
S    O 


MorUrand 


ps  zod* 


£.   «. 
10    0 

10  9 
OjlO  18 

0111  7 

11  16 

12  5 

0112  14 
016  3 
016  18 

14  1 
014  10 
0|l4  19 

16    6 

15  17 
0116  6 
016  16 


Mortar  and  Mortar  and 


3L  lOi. 
par  rod* 


£.    ff. 

10    5 

10  14 

11  3 
0(11   19 

19     1 

12  10 
Oil9  19 

13  8 
IS  17 

014     6 

0114  15 

15    4 

15  13 

16  9 
16  11 

0117     0 


at,  ifi*. 

per  rod. 


£.    f. 

olio  10 

10  19 

11  6 
11  17 
19    6 

0(19  15 

13  4 
19  13 

14  3 

14  11 

15  O 
15    9 

15  18 

16  7 
16  16 

0^17    S 


Mortar  and 
Labour 
4LO0. 
per  rod. 


£.   a. 

Olio  15 
on  4 
on  13 
0  19  9 
019  11 
018  0 
018  9 
0|l3  18 
14  7 
14  16 


015  5 
15  14 

016  3 

016  19 

017  1 
017  10 


pv  rod. 


a. 

0 
9 

0(11  18 

19    7 

19  16 

Oils    8 

016  14 
0)14    8 

14  19 

15  1 
15  10 
15  19 

0|16    8 
0|l6  17 

017  6 
0,17  15 


on 
on 


Mortarsnd 


4L  10^ 
par  rod* 


A£.  a. 
oil  5 
Oil  14 
019  S 
019  19 
013  1 
018  10 

013  19 

014  8 

014  17 

015  6 

015  15 

016  4 

016  13 

017  2 
0  17  11 

018  O 


B»ampl€,  What  is  the  price  of  a  rodof  briek«work,  when  the  rafeofbricki 
£9  2s.  per  thousand,  and  the  price  of  mortar  £4  5(.  per  rod  ? 
Lpok  from  tiie  ftren  eolomn  of  bricks  mtfl  vou  come  under  £4  5s.  the 
veil  price  of  labour  and  nortar,  and  you  will  find  £18  14s.  the  price  of 
•  rod* 


seo 


THI   OPKRATIVS    irBCNAiriC 


CARPENTRY. 


This  branch  of  building  comprises  the  art  of 
timber  in  the  construction  of  etlllices. 

The  art  of  cmplojing  timber  in  building  may  be 
under  two  distinct  branches.  Carpentry  and  Jo^-  — 

Cflryjen fry  comprehends  the  large  and  rouL 
of  work,  or  that  which  is  requisite  in  the  mu  t:  j,  :, 
stability  of  an  edifice  ;  and  Joinen/,  the  tit  intL:^  <i['  m 
corative  work,  so  necessary  to  the  coniplcti  >ii  of  u  '  uj 

Carpentry  is,  in  general,  valued   by  the  tj^bieni  Ijoi 
joinery  by  the  8Uj)erficial  foot. 

The  principal  operations  which  timbers  Imve  to 
from  the  time  of  their  arrival  in  the  carpenter's  ji 
their  final  destination  ir^an  edifice,  may  he  classed 
two  general  heads  ;  those  which  respect  individual 
and  those  which  respect  their  dependence  on  otliers. 

Under  the  former  of  these  heads  is  the  pit-saw,  by 
of  which,  whole  pieces  of  timber  arc  divided,  and 
into  their  respective  sized  scantlings* 

The  term  scantling  implies  dimensions  in  bmill 
thickness,  witliout  any  regard  to  length. 

Planing,  is  the  operation  by  which  wood  is  red 
emooth  and  uniform  surface,  by  means  of  nn 
called  a  plane,  which  takes  a  thin  shaving  ofT  I 
the  wood,  as  it  is   moved  backwards  and  f( 
straight  line  by  the   hands  of  the  workmen 
however,  other  operations  of  the  plane  besides 
dwcing  timber  to  an  uniform  and  smooth 
grooving^  rebatiftgy  and  moulding. 

Grooving  is  forming  a  channel  on  the  surface 
of  wood,  by   taking  away  so  much  of  the  ^1 
the  shape  and  size  of  the  groove  r-  ? 

Rahating  or  rebating^  is  rcducit  ce  by  ti 

from  the  angles  a  prism  of  the  shape  and  s\ze  of 
refjuired,  so  as  to  form  an  internal  angle,  and 
right  angle.    This  operation  is  frequently  requt 
fitructing  door  cases,  and  the  frames  of  ca 
ithc  rabate,  or  groove,  being  intended  as  a  l 
,€*r  casement  to  rest  in* 

The  pieces  being  cut  into  their  proper  §can 
operation  is  the  joining  them  together* 
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»fMift tnent  wc  shall  treat  fir^t,  uJ  ttic  i  ed 

of  lent^'thening  beams,  by  h' bat  is  tn  ig, 

jg  them  in  pieces  ;  secondly^  of  the  slrcngtheuiDg 
IS  by  tnissing;  thirdly,  of  the  methods  of  joining 
umbers  ut  angles,  in  any  given  direction  ;  and  laiitly,  3 
le  of  connecting  several  timbers  in  order  to  com- 
the  design,  and  to  effect  certain  powers  resiKctively 
'  V  each  individual  piece. 
:»en  a  piece  of  timber  implies  the  act  of  joiniog 
»{tuiiifi  two  distinct  pieces,  so  that  a  part  of  the  end  of 
shall  lap  upon  tlic  end  of  another,  and  the  surfaces 
►Ih,  being  one  continued  plane,  form  a  close  joint, 
vy  workmen  a  .scarf*     It  is  manifest,  that  two  bt>dieSi 
fcther  and  intended  to  act  as  one  continued  piece, 
te  <)f  tension,  or  compression,  cannot*  by  any  possi- 
i^,  be  so  strong  as  either  pieces   taken  separutely. 
fore,  requires  much  attention,  and  careful  discri- 
I,  in  the  choice  aud  selection  of  such  mclhod»  an 
tbe  most  applicable  to  the  peculiar  circumstauccs  cj* 
case.     Every  two  pieces  of  timber  joined  in  the  miinnef 
de^scribed,  and,  indeed,  in  mobt  other  canes,  require 
""  -'/■'-'  to  compress  them  equtdly  on   each  side,  and 
ularly  when  the  pieces  are  light ;  for  this  pur- 
»ji  bolta  are  used,  which  act  as  a  tic^  and  possess  the 
rt  fts  two  equsd  aud  opposite  forces  would  have  iii 
ting  the  beam  on  each  side  the  joint :  and  as  the  co- 
'power  of  iron  is  very  great,  the  hole,  which  is  made 
reive  the  bolt,  maybe  of  such  dimensions  as  will  not. 
Ilk:  least  degree,  tend  to  diminish  the  strength  of  the 
iber.  W'licn  wooden  pins  are  used,  the  bore  is  larger,  and 
joints  weaker ;  consequently  the  two  pieces,  thus  con- 
],  are  not  held  together  by  any  compression  of  the  pin, 
*ly  by  the  friction  of  the  individual  pieces, 
H'cific  distance  can  be  laid  down  for  the  length  of  the 
iniigh,  in  general,  it  may  be  observed,  that,  a  long 
has  but  htde  eftect  in  diminishing  the  cohesive  strength 
a  compound  piet^  of  timber  j  on  the  contrary,  it  affords 
ifiportunity  of  increasing  the  number  of  bolts. 


-Hinvi  the  metluxl  of  joiniog  l^o  pi' 
trp  on  each  piece. 


•^  .s 


,Lnr   I 


»\    tfir  '  fi'>t 


letUod  r  J»  l*^st  J  imd 

IS  not  c  of  teusioo 

le  piece  sawed  halt  thj*ough  its  ilnckne*<s  from 
ipv.^i.^  i,ide,  nt  a  dist^mce  equal  to  the  length  of  the 
2  o 


Stt  THE   OPIRATIVB   MBCHAKIC 

scarf  $  by  the  application  of  straps,  however,  it  may  be  made 
to  resist  a  rnoen  greater  force. 

Fig".  ^9  repieienti  a  scarf  with  parallel  juintt,  and  a  single  table  upta 
aaeh  piece. 

In  tbb  the  cohesive  strength  is  decreased  in  a  greater 
degree  than  the  preceding  example,  by  the  projection  of  the 
table ;  but  this  afibrds  an  opportunity  of  driving  a  wedge 
through  the  joint  between  the  ends  of  the  tables,  and  there- 
by forcing  the  abutting  parts  to  a  joint. 

A  scarf  of  this  description  to  be  longer  than  those  which 
have  no  tables,  and  the  transverse  parts  of  the  scarf^  most 
be  strapped  and  bolted. 


Fif .  500  presenti  ut  with  the  same  opportunity  of  wedgfin^  as 

In  this  figure,  if  the  parts  LM  and  HO  oe  con^pressed  together  by  Mis 
as  firml?  as  if  they  .were  but  one  niece^  and  if  the  projection  of  Uie  taUM 
be  equal  to  the  transverse  parts  or  the  joints  L  and  O,  the  loss  of  streng^ 
eonpared  with  that  of  a  solid  piece,  will  be  no  more  than  what  H  wodd 
be  at  L  and  O. 

Strapping  across  the  transverse  part  of  the  joint  is  much 
the  best  and  most  effectual  way  of  preventing  the  pieces 
from  being  drawn  from  each  other,  by  the  sliding  of  the 
longitudinal  parts  of  the  scarf,  and,  therefore,  giving  to  the 
bolts  an  oblique  position. 

Fig.  561  is  a  scarf  formed  by  several  steps. 

In  this,  if  all  the  transverse  parts  of  the  steps  be  equal, 
and  the  longitudinal  parts  strongly  compressed  by  bolts,  the 
loss  of  strength  will  only  be  a  fourth,  compared  to  that  of  a 
solid  pieccy  there  being  four  transverse  parts,  that  is^  the 
part  which  the  end  of  the  steps  is  of  the  whole. 

Fig.  562  is  a  scarf  with  a  beyel  joint,  and  equally  as  eligible  for  w* 
dinary  purposes  as  any  in  use. 

Figs.  561  and  508.  Scarfs  intended  for  longer  bearings  than  the  pre- 
ceding  one. 

Fig.  56^  represents  the  method  of  constructing  a  compound  timber, 
when  two  pieces  are  not  of  adequate  length  to  allow  them  to  lap,  hy 
laeans  of  a  third  piece  joined  to  both  by  a  double  scarf,  formed  by  several 
gradations  or  steps,  the  pieces  abutting  upon  each  other  with  the  middle  of 
the  connecting  piece  over  their  abutment. 

That  which  shall  next  claim  our  attention  is  a  consider- 
ation of  the  principles  and  the  best  methods  of  strengthen- 
ing beams  by  trussing. 

When  girders  are  extended  beyond  a  certain  length,  they 
bend  under  their  own  weight,  and  the  degree  of  curvature 
increases  in  a  proportion  far  greater  than  that  of  their 
lengths.    The  best  method  to  obviate  this  saggingyBB  it  is 
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termed^  without  the  support  of  posts,  &c.  ia  to  make  the 
beam  iu  two  equal  lengths^  and  insert  a  truss,  so  that  wheu 
the  two  pieces  are  confined  together  by  bolts,  the  truss  may 
be  included  between  them,  and  cause  them  to  act  as  a  tie. 
To  prevent  any  unfavourable  results  from  natural  tendency 
of  the  tinibcrs  to  shrink,  the  posts  of  the  truss  may  be  made 
of  iron,  and  screwed,  and  nutted  at  the  ends  j  and  to  give 
a  still  stronger  abutment,  the  braces  may  be  let  in  with 
moves  into  the  side  of  each  flitch,  or  piece,  which  form 
Uie  beam.  The  eudt»  of  the  abutments  are  also  made  of 
►n,  screwed,  or  nutted,  at  each  of  the  ends,  and  bolted 
mgh  the  thickness  of  both  pieces,  with  a  broad  part  in 
.the  middle,  that  the  braces  may  abut  upon  the  whole  di- 
leosiou  of  their  section  ;  or,  otherwise,  the  abutments  arc 
e  in  the  form  of  an  inverted  wedge  at  the  battom,  and 
cylindricaily  to  the  top,  where  they  are  screwed  and 
lUtted. 
These  methods  may  be  constructed  either  with  one  king- 
»lt  in  the  middle,  or  with  a  truss-bolt  at  one-third  of  the 
gth  from  each  end.  When  two  bolts  are  applied,  tliey 
hide  a  straining  place  in  the  middle*  The  two  braces 
be  constructed  of  oak,  or  cast  or  wrought  iron  ;  but 
latter  material  is  seldom  used :  for,  as  all  metals  are 
Ic  to  conti-act,  wood  is  considered  the  best  material, 
ith  respect  to  the  bolts,  iron  is  indispensable. 
The  higher  the  girder  is,  the  less  are  the  parts  liable  to 
effected  by  the  stress;  and,  consequently,  the  risk  of 
giving  way  under  heavy  weights,  or  through  long  hear- 
ts less. 

t.  5d5and  566  are  two  ex.kiinplc»t  of  i^injers  calcuUted  froni  their 

t^mkUXa  vBTj  heavy  weights.    If  tiic  tie  beam  be  very  »troii$*  the 

may  be  wcd|^ed ;  but  the  wcdgea  ou^ht  to  he  very  lung,  and 

Uper»  that  there  may  be  no  lAeliiiatiou  to  me.    The  exce^i  uf 

may  aftenrarda  be  taken  off. 

In  jotning  two  timbers  together,  in  any  given  direction, 
'tbe  joinings,  as  practised  by  carpenters,  are  almost  infinitely 
ins  ;  and  though  some  are  executed  with  a  view  merely 
itify  the  eye,  the   majority  have  decided  advantages, 
each,  in  peculiar  cases,  is  to  be  preferred.     In  this 
fise,  oar  limits  will  not  permit  us  to  enter  npon  a  de- 
ription  of  such  as  yield  no  substantial  benefit,  or  are  em- 
only  in  connecting  small  work ;  but,  even  in  these, 
ildll  of  the  workman  may  at  all  times  be  discovered  by  his 
of  materials.     It  may  here  be  observed,  that,  as 
timber  ts'either  more  or  less,  according  to  the  dryness^ 
2(i2 
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and  tbe  qimlrty  of  the  timber  lued^  snbject  to  shrink,  tbe 
carpenter  shouM  very  carefully  consider  how  much  the  di- 
mensions of  his  framings  will  be  affected  by  it,  and  » 
arrange  the  inferior  pieces  that  their  shrinkage  shall  be 
in  the  same  direction  as  the  shrinkage  of  the  framing,  and 
so  conduce  to  the  greater  stability  of  the  whole.  If  this  be 
not  attended  to,  the  parts  will  separate  and  split  asunder. 

Two  pieces  of  timber  may  be  connected  either  by  making 
both  planes  of  contact  parallel  with  or  at  right  angles  tt> 
the  fibres,  or  by  making  the  joint  parallel  with  the  fibres  of 
the  one  piece,  and  at  right  or  oblique  angles  to  the  other,  or 
at  oblique  angles  to  the  fibres  of  both  pieces. 

If  two  pieces  of  timber  are  connected,  so  that  the  joint 
runs  parallel  with  the  fibres  of  both,  it  is  called  a  longihuH' 
ntU  joint ;  but  when  the  place  of  the  joint  is  at  right  anriei 
to*  the-  fibres  of  both,  an  abutting  joint.  Butting  and  mitre 
joints  are  seldom  used  in  carpentry. 

WTien  two  pieces  of  limber  are  joined  together  at  one  or 
more  aneles,  the  one  piece  will  meet  the  other  and  fom 
one  angle,  or  by  crossing  it  make  two  angles,  or  the  two 
pieces  will  cross  each  other  and  form  four  angles. 

In  all  the  following  cases  of  connecting  two  timben^ 
it  is  supposed,  that  the  sides  of  the  pieces  arc  parallel  wiUi 
the  fibres,  or,  when  the  fibres  are  crooked,  as  nearly  so  i^ 
possible ;  and  that  each  piece,  the  four  sides  being  at  right 
angles  to  each  other,  has  at  least  one  of  its  surfaces  in  the 
same  plane  with  those  of  the  other.  The  angle  or  angles 
?o  formed  will  be  either  right  or  obtuse. 

Fir.  557.  iR  an  example  of  a  notched  joint,  which  is  the  most  conimoD 
and  simple  form,  and,  in  nome  cases,  the  strongest  for  joining  two  timben 
It  one  or  more  angles,  particular! y  when  bolted  at  the  joint.  ITie  fom 
of  the  jmnt  may  lie  varied,  according'  to  the  poBition  of  the  sides  of  tht 
pieces,  the  number  of  ang^Ies,  the  quantity  and  direction  of  the  stress  on 
the  one  or  both  pieces,  or  by  any  combination  of  their  circunistancet. 
Notching  admits  two  pieces  to  be  joined  at  from  one  to  four  an^Jes  ;  bat 
joining-  by  mortise  and  tenon  admits  only  from  one  tu  two  angles. 

In  joining  by  mortise  and  tenon,  four  sides  of  the  mortise 
should,  if  })0S8ible,  be  at  right  angles  to  each  other,  and  to 
the  surface  whence  it  u  recessed,  and  two  of  these  sides 
parallel  with  each  of  the  sides  which  forms  a  right  angle  with 
The  side  from  which  the  mortise  is  made  :  the  fifth  plane,  that 
is,  the  bottom  of  the  mortise,  is  parallel  with  the  top  or  sur- 
face from  whicli  the  mortise  is  made.  Four  aides  of  the  ti*non 
^lionld  be  parallel  to  the  four  sides  of  the  piece  ;  but  there 
are  niany  cases  where  a  digression  is  unavoidable^ 
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In  the  application  of  timbers  to  buildings,  we  will  here 
»posc,  that  all  pieces  cut  for  ase  have  a  rectangular  sco 
tioii,  and  when   laid  down,  have  their  sides  perpendicular 
to,  and  parallel  with,  the  horizon.  If  two  pieces  of  timber, 
jrefore,  are  to  be  joined  at  four  angles,  cut  a  notch  in  one 
:e  equal  to  the  breadth  of  the  other,  so  as  to  leave  the 
lining  part  of  the  thickness  sulTieiently  strong,  and  in- 
rrt  the  other  piece  in  the  notch  ;  or,  if  the  work  is  required 
be  very  firm,  notch  each  piece  reciprocally  to  each  other's 
Ith,  and  fasten  them  together  by  pins,  spikes,  or  l->c>U9, 
tlie  case  may  require.     This  form  is  applicable  when  the 
are  equally  exposed  to  a  strain. 

Fi|f.  568  will  fully  elucidate  this  Jenrription  of  joint. 
The  framing  of  timber  by  dove-tail  notching  is  principal- 
applicable  to  horizontal  framing,  where  the  lower  timber 
sufficiently  supported.  Where  the  lower  limber  is  uusup- 
>rted  it  is  common  to  use  mortise  and  tenon,  which  docs 
It  materially  weaken  the  timber  ;   but  when  the  timber  ig 
(tched  from  the  upper  side,  the  operation  reduces  itij  thick- 
f,  and  consequently  impairs  its  strength,  though,  if  the 
>Ud  of  one  piece  fill  the  excavation  of  the  orhcr,  auf!  both 
lightly  driven  or  forced  together,  according  to  Uu  Hamel, 
will,  if  not  cut  more  than  one  third  through,  rather  increase 
in  decrease  iu  strength.     It  may,  however,  be  obscried, 
in  large  works,  where  heavy  timbers  are  employed,  it 
difficult,  and  almost  impossible,  to  fit  the  mortise  and 
ion  with  due  accuracy  ;  and  even  if  the  joints  were  closely 
;ted  at  first,  the  shrinking  would  occasion  cavities  on  the 
sides,  that  would  render  the  tenons  of  no  avail,  because  the 
as  of  fracture  would  be  nearer  to  the  breaking  or  under- 
le  of  the  supporting   piece*    What  has  been  here  sttid 
ith  respect  to  timbers  placed  horizontally,  applies  to  fram*- 
in  every  position,  when  the  force  is  to  fall  on  the  plane 
the  sides  ;  and  if  a  number  of  pieces  thus  liable  lo  lateral 
;88ure  on  either  side,  are  to  be  framed  into  two  other  stiff 
lieces,  the  mortise  and  tenon  will  prove  best  for  the  purpose, 
if  it  be  required  to  connect  two  pieces  of  timber  so  as  to 
two  right  angles,   and  to  he  immovable,  when   the 
iverse  is  held  or  fixed  fast,  and  the  standing  piece  pulled 
a  direction  of  its  length,  cut  a  do\e-tnil  notch  across  the 
jadth  of  the  transverse  piece,  and  notch  out  the  vertical 
Ides  of  the  standing  piece  at  the  end,  so  as  to  form  a  si- 
Inilar  and  equal  solid.     In  some  kinds  of  work,  besides  the 
ftve-^ail.  ua  addiUoual  notch  i»  cut  to  receive  the  shoulder 
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of  the  lower  piece.    If  the  position  of  these  pieces  be  bi» 
sontal,  and  the  upper  is  of  sufTicient  weighty  or  U  proh 
cd  down  by  any  considerable  force,  when  the  \^'^^*^  »" 
placed  together,  the  dove- tail   will   be  sufficicn: 
finthout  the  assistance  of  pins,  spikes,  or  b<jlt»*     ini> 
ftti-nctinn   requires  the   timbers  to   be   well  »(e9»oned} 
ctherwise  the  shrinking  will  permit  tl  jiicce  tob 

drawn  out  of  the  transverse,  and  thus  I    I  ptirpoiei 

the  construction. 

In  introducing  binding  joists,  which  will,  as  tTi'^v^-^^tt 
support  the  b I  idging  joints  and   boarding  of  th 
framed  into  girders,  there  will  be  a  considernbl 
(he  extremities,  so  that   it  is  necessury,  in  on  I 
the  tenons  sufficiently  strong,  to  have  a  shorf 
pon  attached  to  the  principal  tenon,  with  a  si  ^ 
above,  called  a  iusA;  which  term  is  likewise  uppitcd  to 
tenon,  called  the  tttsk  tenon, 

Wlien  two  parallel  pieces,  which  arc  quite  immoni 
are  to  have  another  piece  framed  between  rti 
ciple  is,  to  insert  the  one  end  of  the  tenon  of  » to  k 

framed  in  a  ishallow  mortise,  and  make  a  1 
onpositc  side  of  the  other  timber  ;  so  tli 
piece  is  moved  round  the  shoulder  of  the  other  exi 
a  centre,  it  may  slide  home  to  its  situation.  This 
framing  a  transverse  piece  bctwecji  two  others,  U 
in  trimming  in  ceiling  joists,  which  joists  are 
never  cut  and  fitted  into  the  binding  joists  before  the  braid- 
ing is  covered  over.  The  binding  joists  are  always  mo»ti$ed 
before  they  are  disposed  in  the  situation  to  receive  the  cd* 
ing  joists. 

When  a  transverse  piece  of  timber  is  to  be  framed  !*- 
twcen  two  parallel  joists,  whose  vertical  surfaces  arv  nol  p^ 
rallel,  turn  the  upper  eiige  of  the  transverse  piece  dowDWU^ 
upon  the  upper  horizontal  surface  of  the  joists,  mark  The tr 
terval,  or  distance  between  them,  upon    '  rfiice  o^l 

transverse  piece  now  under  j  then  placiri.  Jge  ovcrj 

place  whei*e  it  is  intended  to  let  down,  turn  the 
piece  in  the  way  it  is  intended  to  be  framed,  opdIv  a 
edge  to  the  oblique  surface  of  the  joist,  and 
verse  piece  so  as  to  bruig  the  mark  on  the  up|>...  ^.c,ii 
a  line  with  the  straight  edge^  which  being  done, 
in  the  same  manner  with  the  other  end,  and  the  ttvo 
draMm  on  the  vertical  sides  of  the  intermediate  piece 
give  the  shoulders  of  the  tenons.    This  act  of 
iran^ivcrse  joist  between  two  others  h  termed  U 
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;  and  is  parttcularlj  useful  when  the  timber  is  warped 
or  twisted. 

In  order  that  the  reader  may  the  mote  fully  understand  the 
precedinpr  descriptioo  of  the  joiDtugs  of  timbers,  we  have 
annexed  a  plate  (to  which  the  subjoined  description  refers,) 
of  the  best  mcthodii  now  in  practice. 

Fif-.  457.  No.  1  Aad  2,  and  3  and  4,  exhibit  two  inetbads  of  a  fiitnple 
juint,  whf  re  the  two  pieces  are  liAlvfd  upon  eadi  other ;  in  b<»th  of  which 
ibp  end  of  one  piece  does  not  pass  the  outer  surface  of  the  other,  No.  3 
and  4  represent  the  two  piercs  before  put  to|f ether. 

"~lg- ,  568,  is  a  method  of  JMiniuf  timber,  when  the  end  of  one  piece 
the  end  of  the  other  at  a  small  distance.  No.  1  represent*  the 
|llicc6  before  joined. 

Fig.  569  shews  how  two  pieces  may  be  joined  by  what  h  termed  a 
niche. — ^In  this  case,  the  two  piucea  &houM  be  fixed  to  another  by  a  bolt  at 
risifht  ang-lei  to  the  niche  joint, 

Flif.  ifTO.  How  one  pirce  of  timber  may  be  joined  to  another,  when  one 
of  the  pieces  ia  extended  on  botti  aidei  of  the  ocher  piece,  Noi.  1  and  9 
ihow  the  pieces  before  puttog^ether. 

Fitf.  571  shows  tlie  manner  of  u>inin|f  the  limJing"  joists  and  girdert. 
No.  i.  The  binding^  joist  prepared  for  being:  joined  to  the  nfirder. 

Fis:^  ^72  is  the  general  ana  most  approicd  method  of  framing  tlie  rafter 
fo*it  intw  the  girder. 

Fig.  573  i*  a  aertion  of  the  beam,  shewing  the  different  shoulder*  of 
ihe  rafter  foot. 

Fi^.  .'>74  ii  another  example,  prcfcr^ible  to  the  former,  because  the 
abutment  of  th«i  inner  part  h  better  supported.  In  this  the  beam,  when 
no  broader  than  the  rafter  i&  thick,  maybe  weakened,  in  which  case,  it 
WouJd  require  a  much  deeper  s»M;ket  than  in  here  ^ivca  :  and  perhaps  an 
idvantatre  would  be  £;^alued  by  introduria|^  a  joint  like  hg^.  575. 

Fi^.  576  h  the  ntethod  of  iuiroJucin^  iron  strapi  to  conQne  the  foot  of 
the  rafter  to  the  tie-beanu 

When  it  is  found  necessary  to  employ  iron  straps  for 
strengthciiiog  a  joint,  considerable  attention  is  required  to 
place  them  properly.  The  first  thing  to  be  ascertained  is 
the  direction  o\  the  strain.  We  must  then  endeavour,  as 
near  as  we  can,  to  resolve  this  strain  into  a  strain  parallel 
to  each  piece,  and  another  perpendicular  to  it.  Then  the 
tlrnp  which  is  to  be  made  fast  to  any  of  the  pieces,  must  be 
so  fixed  that  it  &hall  resist  in  the  direction  parallel  to  the 
piece. 

The  strap  which  is  generally  misplaced,  is  that  which 
connects  the  foot  of  the  rafter  with  the  tie-beam.  It  binds 
down  the  rafter ;  but  does  not  act  against  its  horizon- 
tal thrust.  It  should  be  placed  farther  back  on  the  beam^ 
and  have  a  bolt  through  it,  to  allow  it  to  turn  round  ;  and 
should  embrace  the  rafter  almost  horizontally  near  the  foot, 
and  be  notched  square  with  the  back  of  the  rafter.  The 
imple  given  in  No.  10  combines  these  requisites.    Vy 
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moving  round  the  eye-bolt^  it  follows  the  rafter,  and  md  • 
i|o,t  pinch  and  cripple  it,  which  it  always  does  in  its  onii«* 
nary  form.  Straps  which  have  eye-bolts  on  the  very  anglfi% 
and  allow  motion  round  them^  are  considered  the  matt 
perfect. 

'Fig.  577  exhibits  two  methods  of  connecting  the  itnits  of  a  roof,  or  pir- 
tition,  &c.  with  the  king-post. 

'  If  the  action  of  a  piece  of  timber  on  another  does  not  ex- 
tend,  but  compress,  the  same,  there  is  no  difficulty  whatever 
Ml  the  joint,  mdeed  joining  is  unnecessary :  it  is  enqugb 
that  the  pieces  abut  on  each  other ;  and  we  have  only  to 
take  care  that  the  mutual  pressure  be  equally  borne  by  «H 
the  parts,  and  that  no  lateral  pressure,  which  may  cause 
one  of  the  pieces  to  slide  on  the  butting  joint,  be  produced. 
At  the  joggle  of  a  king-post,  a  very  slight  mortise  moA 
tenon,  with  a  rafter,,  or  straining  beam,  is  sufficient.     It  is 
ffenerally  best  to  make  the  butting  plain,  bisecting  the  anrie 
formed  by  the  sides,  or  else  peri)endicu]ar  to  one  of  the 
pieces.    For  instance,  the  joint  a  is  preferable  to  b,  and, 
indeed,  to  any  uneven  joints,  which  never  fail  to  produce 
very  unequid  pressures,  by  which  some  of  the  parts  are 
crippled,  and  others  splintered  off. 

"Fig.  S7S  is  the  method  jof  securing  the  tie-heam  and  principals,  when 
the  king-post  is  made  of  an  iron  rod.  > 

Fig.  579  shows  a  method  of  joining  tlie  principals  with  the  king-post  bj 
means  of  an  iron  dove-tail,  wliich  is  received  in  a  mortise  at  the  head  of 
each  principal. 

Trnsting  that  the  reader  will  be  able,  from  the  above  de- 
scription, to  comprehend  the  best  methods  of  joining  tim- 
bers, we  shall  next  proceed  to  describe  the  modes  of  con* 
necting  several  timbers,  in  order  to  complete  the  design, 
and  to  effect  certain  powers  respectively  required  by  each 
individual  piece. 

In  franiing  centres  for  groins,  the  boarding  which  forms 
the  interior  surface  is  supported  by  transverse  ribs  of  tim- 
ber, which  are  either  constructed  simply,  or  with  trusses, 
according  to  the  magnitude  of  the  work  ;  and,  as  a  groii^ 
consists  generally  of  two  vaults  intersecting  each  other,  one 
of  them  is .  always  boarded  over  the  same  as  a  plain  vault, 
without  any  respect  to  the  other,  which  is  afterwards  ribbed 
and  boarded  so  as  to  make  out  the  regular  surface. 

Timbers  inserted  in  walls,  and  at  returns,  or  angles,  are 
joined  together  where  the  magnitude  of  the  building  or  ex- 
posure to  strain  may  require.  There  are  three  denomi- 
|i»tioj9S,  viz.  hand  Umber,  lintels,  and  fpalUplates. 
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fPlooiioi?  is  supported  by  one  or  more   rows  of  parallel 

c»fle(t  nnhed^  or  carrasv  fi^oring^  and  is  (Icuoniioatcd 

»r  siogie  or  double.     During   t!ic  coiistnictioii  of  the 

tildin^*  the  flooring,  if  not  8U])portcd  by  walls  or  parti- 

I,  must  be  shored.     The  framing  of  tloorinj,^,  whether 

ordonhlo,  depends  upon  the  magnitude  of  tht  Imild- 

nntal  dimensions  of  the  apartment**,   or  the 

hieh  fhe  surfaee  of  the  hoarding  is  likely  to  be 

When  the  floorinj?  is  intended  to  be  very  siilT  and 

it  is  necessary  to   introduce  truss  girders.     Naked 

iring,  for  ball-rooms,  should  be  framed  very  strong,  and 

upper  part  eontrivcd  with  a  spring,  to  bend  with  the  im- 

uou  of  (he  force,  while  the  lower  part,  which  sustains 

liling,  remains  inmiovable. 

litions  are  constructed  of  a  number  of  pieces  of  tira- 
*,  culled  sranflingy  placed  verticidly,  at  a  specified  dis- 
ice  from  eacli  other,  dependent  on  the  purposes  for  wfiich 
Ks  intended  to  answer,     if  to  support  girders,  they  should 
s»ed,  and  afterwards  filled  in  with   parallel   piecest, 
stiidx, 

framing  ought  to  be  so  contrived,  as  to  si  the 

iry  of  lianging  up  the  floor,  in  whatever  i,  the 

nuiy  be   placed.     Truss  partitions  arc   also   nf  the 

'atest  utility  in  supporting  floors  which  are  above  them. 

|Tbe  rafters  which  support  the  covering  in  a  roof  are  sus- 

incd  by  one,  two,  or  several  pieces  of  framing,  called  t^ 

\r  of  principals^  placed  at  right  angles  to  the  ridge  of  the 

>f.     In  roofing,  many  ingenious  contrivances  are  resorted 

their  application  depending  upon  the  pitch  of  the  roof, 

number  of  compartments  into  which  it  may  be  divided, 

id  tlic  introduction  of  tic-beams.     In  cases  where  ajmrt- 

juts  are  required  to  be  within  the  framing  of  the  roof, 

id  it  is  inconvenient  to  introduce  tie-beams,  the  sides  uf 

roof  may  be  prevented  from  descending,  by  arching  them 

Ith  east- iron,  or  trussing  them  with  wood  in  the  inclined 

kcs  of  their  sides.     To  restrain  the  pressure  of  the  ruf- 

rhich  would  be  discharged  at  the  extremities  of  the 

J,  a  strong  wall -plate,  well  connected  in  all  its  piirts, 

^be  introduced,  to  act  as  a  tie,  and  prevent  the  lateral 

ire  from  forcing  out  the  walls. 

In  ihift  construction,  as  well  as  in  the  former,  the  rafters 

Nave  a  tendency  to  become  hollow,  so  that  it  is 

,  in  order  to  counteract  this  tendeiicj%  to  introduce 

filr^iiiiiig  beams  at  convenient  heights  ;  and  if  it  be  r  • 

Jo  wcupy  very  Uttlc  space  by  the  wood* work,  t<  i 
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arches,  abutting  upon  each  other,  and  screwed  with  their 
planes  upon  the  upper  sides  of  the  rafters,  are  best  adapted 
for  the  purpose.  It  this  and  the  former  principle  were  adopt- 
ed,  the  combined  effect  would  be  very  great. 

We  shall  now  present  the  reader  with  a  few  practical  ob- 
servations. 

limber,  except  it  stand  perpendiculac  to  the  horizon,  is 
much  weakened  by  its  own  weight.  The  binding  of  timber 
is  nearly  in  proportion  to  the  weight  laid  on  it.  No  beim 
ought  to  be  trusted  for  any  long  time,  with  above  one-third 
or  one-fourth  part  of  the  weight  it  will  absolutely  cany; 
for  experiments  prove,  that  a  far  less  weight  will  break  t 
piece  of  timber  when  hong  to  it  a  considerable  time,  thsn 
IS  sufficient  to  break  it  when  first  applied. 

The  strain  occasioned  by  pulling  timber  in  the  direction 
of  its  length,  is  called  tension.  It  &equcntly  occurs  in  roofr, 
and  is  therefore  worthy  of  consideration. 

The  absolute  strength  of  a  fibre,  or  small  thread  of  tim- 
ber, is  the  force  by  which  every  part  of  it  is  held  together, 
and  is  equal  to  the  force  that  would  be  required  to  pull  it 
asunder.  The  force  required  to  tear  any  number  of  threads 
asunder,  is  proportional  to  that  of  their  sum  ;  but  the  areas 
of  the  sections  of  two  pieces  of  timber,  composed  of  fibres 
of  the  same  kind,  arc  as  the  number  of  fibres  in  each ; 
therefore,  the  strength  of  the  timber  is  as  the  areas  of  the 
sections.  Hence  all  prismatic  bodies  are  equally  strong ; 
that  is,  they  will  not  break  in  one  part  rather  than  in  another. 

Bodies  which  have  unequal  sections,  will  break  at  their 
smallest  part ;  therefore  if  the  absolute  strength  required  to 
tear  a  square  inch  of  each  kind  of  timber  be  known,  we 
shall  be  able  to  determine  the  strength  of  any  other  quan- 
tity whatever. 

The  wood  next  to  the  bark,  commonly  called  white  or 
blea,  is  also  weaker  than  the  rest :  and  the  wood  gradually 
increases  in  strength  as  we  recede  from  the  centre  to  the 
blea. 

The  heart  of  a  tree  is  never  in  its  centre,  but  always  near- 
er to  the  north  side,  and  on  that  side  the  annual  coats  of 
wood  are  thinner.  In  conformity  to  this,  it  is  a  general 
opinion  among  carpenters,  that  that  timber  is  strongest 
whose  annual  plates  are  thickest.  The  Tracheae,  or  air- 
vessels,  are  weiJcer  than  the  simple  ligneous  fibres.  These 
air-vessels  make  the  separations  betweetr  the  annual  plates, 
and  are  the  same  in  diameter,  and  number  of  rows,  in 
all  trees  of  the  same  species ;  consequently,  when  these 
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arc  thicker,  they  contmn  a  greater  proportioii  of  the  simple 
ligneous  fibre. 

The  wood  is  stronger  in  the  middle  of  the  trunk  than  at 
the  springing  of  the  branches,  or  at  the  root ;  and  the  wood 
of  the  branches  is  weaker  than  that  of  the  trunk. 

The  part  of  the  tree  towards  the  north,  in  the  European 
climates,  is  the  weakest,  and  that  of  the  south  side  the 
strongest :  and  the  difference  is  most  remarkable  in  hedge- 
row trees,  and  such  as  grow  singly. 

All  description  of  wood  is  more  tenacious  while  green  ; 
and  loses  very  considerably  by  drying,  after  the  tree  is 
felled. 

We  shall  now  conclude  these  remarks  with  the  follow- 
ing useful  problem. 

Fif.  580.  To  cat  the  strongest  beam  possible  out  of  a  round  tree  whose 
lecdon  is  a  ^ven  circte.  Let  ab  c  dhe.  the  section  of  the  tree  ;  dmwr 
the  diameter  c  A,  divide  it  into  three  equal  p:irts,  e  aiid/»  and  from  one  of 
them,  M  ft  draM'T^o  perpendicular  to  the  diameter  c  A  ;  draw  a6  and 
a  Ct—h  a  and  d  c,  and  abed  U  the  strong^est  piece  that  can  be  cut  out 
of  the  tree.  From  this  it  is  rannifest,  that  the  strons^est  beam  which  can  be 
entout  of  a  round  tree,  docs  not  contain  the  most  timber,  for  the  rreategt 
rMtan^Ie  that  can  be  inscribed  in  a  circle  is  a  square,  and  therefure  the 
•qaare  ^  k  i  k  h  ^eater  than  the  rectangle  abed,  &nd  )et  is  nut  the 
ttrong-cst. 

Fi|^.  5S1,  Plan  of  a  floor. — L  Girder  resting  upon  the  walhi — 2.  Bridg- 
inff-joists. — 8.  BiDdinGT-joitts. — 4.  Trimmers, 

Nos.  1  and  2,  aectiooi  of  the  floor. 

Pt^.  582.  Atrufised  partitJun  with  an  cpening  in  the  middle  for  folding: 
doon.—l.  Head.— S.  Sill.— 3,  Posts  —4.  Brace*.— ^.  Studs*— 6.  Door- 
bead. — lliis  partition,  as  may  be  Been,  supports  itself. 

Fig".  583,  A  Bimptc  tnissed  roof. 

DBnNlTIONS. 

Wall-plates;  pieces  t>f  timber  laid  on  the  wall,  in 
order  to  distribute  equally  the  pressure  of  the  roof,  and  to 
bind  the  walls  together*  They  are  sometimes  called  raising 
plates. 

Tie-beam  ;  a  horizontal  piece  of  timber,  connected  to 
opposite  principal  rafters  ;  it  answers  a  two- fold  pur- 

viz.  that  of  preventing  the  walls  from  being:  pushed 
msiwards  by  the  weight  of  the  covering,  and  of  supporting 
the  ceiUng  of  the  rooms  below.  When  placed  above  the 
^boiU>m  of  the  rafters,  it  is  called  a  caflar^beam. 

Principal  rafters  ;  two  pieces  of  timber  in  the  sides  of 
^thc  truss,  supporting  a  grated  frame  of  timber  over  them,  on 
[trhich  th€  covering  or  slating  rests, 

Purlines ;  honxoDtal  pieces  of  timber  ootched  on  the 
loci  pal  ra^erst. 


573  THB   OPERATIVJS    MECHANIC 

Common  rafters  ;  pieces  of  timber  of  a  small  secUon, 
placed  equidistantly  upon  the  purlines,  and  parallel  to  the 
principal  rafters :  they  support  the  boarding  to  which  the 
slating  is  fixed. 

Poie-plates;  pieces  of  timber  resting  on  the  ends  of 
the  tie-beams,  and  supporting  tlie  lower  ends  of  the  com- 
mon rafters. 

King-post ;  an  upright  piece  of  timber  in  the  middle  of 
a  truss,  framed  at  the  upper  end  into  the  principal  rafters, 
and  at  the  lower  end  into  the  tie-beam  :  tnis  prevents  Utt 
tie-beam  from  sinking  in  the  middle. 

Struts ;  oblique  straining  pieces,  framed  below  into  tiie 
king-posts,  or  queen-posts,  and  above  into  the  principal  raf- 
ters, which  are  supported  by  them  ;  or  sometimes  they  have 
their  ends  framed  into  beams,  that  arc  too  long  to  support 
themselves  without  bending,  they  are  often  called  braces. 

Other  pieces  of  timber  are  introduced  in  roofe  of  a  greater 
span  ;  wnich  wc  shall  here  describe. 

Queen-posts  ;  two  upright  pieces  of  timber,  framed  be- 
low into  the  tie-beam,  and  above  into  the  principal  rafters ; 
placed  equidistantly  from  the  middle  of  the  truss,  or  its 
extremities. 

Puncheons  ;  short  transverse  pieces  of  timber,  fixed  be- 
tween two  others  for  supporting  them  equally;  so  that 
when  any  force  operates  on  the  one,  the  other  resists  it 
equally ;  and  if  one  break  the  other  will  also  break.  These 
are  sometimes  called  studs, 

Strainijig-beam  ;  a  piece  of  timber  placed  between  two 
others,  called  queen-posts^  at  their  upper  ends,  in  order  to 
withstand  the  thnist  of  the  principal  rafters. 

Straining-cill ;  a  piece  of  timber  placed  upon  the  tie- 
beam  at  the  bottom  of  two  queen -posts,  in  order  to  with- 
stand the  force  of  the  braces,  which  are  acted  upon  by  the 
weight  of  the  covering. 

Camber-beam  ;  horizontal  pieces  of  timber,  made  on  the 
upper  edge  sloping  from  the  middle  towards  each  end  in 
an  obtuse  angle,  for  discharging  the  water.  They  are  plac€^d 
above  the  straining-beam  in  a  truncated  roof,  for  fixing  the 
hoarding  on  which  the  lead  is  laid  :  their  ends  run  three  or 
four  inches  above  the  sloping  plane  of  the  common  rafters, 
in  order  to  form  a  roll  for  fixing  the  lead. 

Auxiliary  rafters  ;  pieces  of  timber  framed  in  the  same 
vertical  plane  with  the  principal  rafters,  under,  and  parallel 
io  them,  for  giving  additional  support.  They  are  sometimes 
called  principal  braces,  and  sometimes  cushion  rafters. 
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%/e>ggl€$  ;  the  joints  at  the  meetings  of  struts,  with  king- 
prit»ts,  queea-jiosts,  or  |)rincipal  rafters ;  or  at  the  meeting 
of  pnneipal  rafters  with  king  and  queen- posts :  the  best 
form  is  that  which  is  at  right  angles  to  the  stmts. 

Cocking^  or  Cngghtg  ;  the  particuJar  manner  of  fixing  tlic 
tie-beams  to  the  wall-platet?. 

There  are  a  variety  of  roofs  differing  in  form,  according 
to  the  nature  of  the  plan,  and  the  law  of  the  horizontid  and 
vertical  sections. 

The  most  simple  form  of  a  roi>f  is  that  wliich  has  only 
one  row  of  timbers  arranged  in  an  inclined  pkme,  and 
throws  the  rain  entirely  on  one  side.  This  description  of 
roof  is  termed  a  shed-roof y  or  teitn-to. 

If  the  plan  of  the*  roof  be  a  trapezium,  and  the  tops  of 
the  walls  properly  levelled,  the  roof  caonut  be  executed  iu 
<e*,  8o  as  to  terminate  in  a  level  ridt^e;  con- 
lie  sides,  instead  of  being  planes,  ai'e  made  to 
wind,  iu  order  to  have  the  summit  paraUel  to  the  horizon; 
bttt  the  best  plan  is,  to  make  the  sicles  of  the  roofs  planes^ 
enclosing  a  level  space  or  flat,  iu  the  form  of  a  triangle  or 
trapezitjra,  at  the  siimmit  of  the  roof.  Hoofs  which  are  fiat 
<m  the  top,  arc  said  to  be  truncated:  tliey  are  chiefly  em- 
ployed with  a  view  to  diminish  the  height,  so  as  not  to  pre- 
>  dominate  over  that  of  the  walls. 
If  all  the  four  sides  of  the  roof  are  formed  by  inclined 
planes,  it  is  said  to  be  hipped,  and  is  therefore  called  (i 
hipped-roof ;  and  the  inclined  ridges,  springing  from  the 
angles  of  the  walls,  are  called  hips. 
Roofs  on  circular  bases,  with  all  their  horizontal  sections 
<!ircular,  the  centres  of  the  circles  being  in  a  straight  line, 
from  ti»e  centre  of  the  base  perpendieahir  to  the  horizon, 
arc  called  roofs  of  revoltition  or  revolved-roofs. 

When  the  plan  of  the  roof  is  a  regular  polygon,  circle* 
or  an  ellipsis,  the  horizontal  sections  being  all  similar  to  the 
base,  and  the  vertical  section  a  portion  of  any  curve,  which 
is  convex  on  ihe  outside,  the  roof  is  called  a  dome. 

In  roofs  of  rectangular  buildings,  when  a  saving  of  ex- 
pense is  of  consequence,  instead  of  a  lead  flat,  which 
iDn«t  be  covered  with  lead  or  copper,  a  valley  is  introduced, 
which  makes  the  vertical  section  in  tlie  form  ot  the  letter  M, 
or  rather  an  inverted  VV^ ;  hence  it  has  obtained  the  name 
of  an  M  roof 

The  pitch  of  a  roof,  or  the  angle  w^hich  its  inclined  side 
forms  with  the  horizon,  is  varied  according  to  the  climate 
and  the  nature  of  the  covering. 
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The  inhabitant  of  cold  countries  make  their  roo&  very 
high ;  and  those  of  warm  countries^  where  it  seldom  lains 
or  snows,  very  flat.  But  even  in  the  same  climate  the  pitch 
of  the  roof  is  greatly  varied.  Formerly  the  roofs  wen 
made  verv  high,  probably  with  the  notion  that  the  snow 
would  sUcie  off  easier ;  but  where  there  are  parapets,  a  high 
roof  is  attended  with  very  bad  effects,  as  the  snow  slips 
down  and  stops  the  gutters,  and  an  overflow  of  water  is 
the  consequence ;  besides,  in  heavy  rains,  the  water  descends 
with  such  velocity,  that  the  pipes  cannot  couvey  it  away 
soon  enough  to  prevent  the  gutters  from  being  overflowed. 

The  height  of  roofs  at  the  present  time  is  very  rarely 
above  one-third  of  the  span,  and  should  never  be  less  thin 
one-sixth.  The  most  usual  pitch  for  slates  is  that  when  the 
height  is  one-fourth  of  the  span,  or  at  an  angle  of  26^  de- 
grees with  the  horizon.  Takmg  this  as  a  standard,  the  fol- 
lowing table  will  show  the  degree  of  inclination  which  may  be 
given  for  other  materials : — 


Kind  of  cove/ing. 

ladination 
tothehori. 
ion  in  den 
gnm. 

Height    of 
Mofin 
pertaof 
Spu. 

Weight  npona 
square  of  rooOag. 

Copper  or  lead  .... 

Slates  larj^e 

Ditto  ordinary 

Stone  slate 

Plain  tiles 

Pan-tiles  % 

Thatch  of  straw,  reeds. 

Deg.   Min. 
3       50 
22      0 
26     33 
29    41 
29    41 
24      0 
45 

-t 

T 
-J- 

* 

&'     7^ 

1120 
/from         900 
Ito             500 

2380 

1780 

650 

A  roof  for  a  span  of  from  20  to  30  feet  may  have  a  tniss 
of  the  form  shown  in  Fig.  583.  Within  this  limit,  the  pur- 
lines  do  not  become  too  wide  apart,  nor  the  points  of  sup- 
port of  the  tie-beam. 

For  spans  exceeding  30  feet,  and  not  more  than  45  feet, 
the  truss  shown  in  Fig.  584  is  well  adapted.  Each  piiriiiie 
is  supported,  consequently,  there  are  no  cross  strains  on  the 
principal  rafters ;  and  the  points  of  support  divide  the  tie- 
beams  into  three  comparatively  short  bearings.  The  sag- 
ging, which  usually  takes  place  from  the  shrinking  of  the 
heads  of  the  queen-posts,  may  be  avoided  by  letting  the  end 
of  the  principal  rafter  abut  against  the  end  of  the  straining 
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>euii  A^  find  notching  pieces  and  bolting  them  together  in 
mirs  at  each  joint. 

When  the  span  exceeds  45  feet,  and  is  not  more  than  60  feet,  the  trutt 
ihovn  IB  Fi^,  585  U  sufficiently  stroncr  for  the  ptirpose,  and  leavps  a  con- 
liderable  dp^ree  of  free  sjrace  in  the  middle.  For  thii  span  the  tie-beam 
Irill  iiKiet  Mktly  require  to  be  srarfed,  and  as  the  bearinc^  of  that  portion 
pf  the  tie-beam  between  a  and  h  h  sliort,  the  scarf  should  be  made  there, 
JThe  mitidie  part  uf  the  tie-beam  m«ijr  be  made  stronger  br  bolting-  th<^ 
llralning^  cUI  c  to  it. 

It  often  occurs,  that  the  centre  aisles  or  naives  of  churches 

lare  higher  than  the  side  aisles  ;  a  similar  eflect,  as  when  the 

jc-beajn  continues  through,  may  be  produced  by  conuect- 

ng  the  lower  beams  to  the  upper  one,  by  meansof  braces, 

that  the  whole  may  be  as  a  single  beam.     To  illustrate 

thb  mode  of  construction,  M*e  have  given  a  design  for  a  roof 

of  a  churchy  somewhat  similar  to  St*  ^lartin's  in  the  fields, 

don. 


K^U< 


Fif .  588,  the  lower  tien,  A  A.  Kti  ao  connected  with  the  prineipal  tie- 
B,  by  means  of  the  braces,  a,  o,  that  the  foot  of  the  prin<ipal  raf- 
ttn,  e,  t,  cannot  spread  without  stret^hinj,'  the  tlc'beara»  B.  Tne  iron 
rodt,  5«  //,  perform  the  office  of  king^-postg  to  the  ties,  A,  At  *uid  are  much 
beU«r  than  timber,  in  consequence  ol  the  shrinkaf  e»  which  in  this  sltua- 

FOB  would  be  very  objectionable. 
Ptf.  587  is  a  design  for  a  roof  of  a  church,  or  other  buUdinf ,  requlrin  jc 
Mftiicircular  arihcd ceiling* 
Domes  derive  their  names  according  to  the  plans  on 
which  they  are  built,  circular,  eniptical,  or  polygonal :  of 
these,  the  circular  may  be  spherical,  spheroidal,  ellipsoidal, 
hyperboloidal,  paraboloidal,  &c.  Those  which  rise  higher 
than  the  radius  of  the  base,  are  called  surmounted  domes ; 
those  that  are  of  a  less  height  than  the  radius,  diminished, 
or  sttrbmed*,  and  such  as  have  circular  bases,  cupolas* 
The  most  usual  form  for  a  dome  is  the  spherical,  in  which 
case,  the  plan  is  a  circle,  and  the  section  a  segment  of  a^ 

K  The  ton  of  a  large  dome  is  often  finished  with  a  lantern, 
kopported  by  the  framing  of  the  dome. 
V  Trie  interior  and  exterior  forms  of  domes  are  seldom 
■like,  and  in  the  space  between  them,  a  staircase  to  the 
pantem  is  usually  made.  According  to  the  space  left  be- 
tween the  external  and  internal  domes,  the  framing  must 
designed.  Sometimes  the  framing  may  be  trussed  with 
OSS  the  opening ;  but  generally  the  interior  dome  rises 
h  that  ties  cannot  be  obtained. 

Ft;.  568.  No.  1,  fihowB  the  construction  of  a  dome  without  tie*.    This 
liie  Buwt  simple  method,  and  one  which  is  particularly  applies 


1  of  ordinary  dimensions.    This  example  consists  in  placihf  • 
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her  of  curved  ribs,  so  that  the  lower  euds  stand  upon  and  are  well  framed 
into  the  kirb  at  the  bate,  and  the  upper  ends  meet  at  the  top,  or  are 
framed  into  the  upper  kirb  on  which  the  lantern  is  placed. 

When  it  occurs,  as  it  generally  does,  that  the  pieces  are 
so  long,  and  so  much  curved,  that  they  cannot  be  cut  out  of 
timber  without  being  cut  across  the  grain,  so  much  as  will 
weaken  them,  they  should  be  put  together  in  thicknesses, 
with  the  joints  crossed,  and  well  bolted  together. 

No.  8,  shows  the  ribs  fixed,  and  bolted  together,  with  horizontal  rafteit 
to  receive  the  boarding  on  the  exterior,  and  the  laths  on  tlie  interior. 
These  ribs  should  be  placed  about  t^ro  feet,  or  two  feet  six  inches  apaii 
at  the  base,  and  be  composed  of  three  or  four  thicknesses  of  one  and  a  half 
inch-deal,  about  11  or  12  inches  wide,  wliich,  when  carefully  bolted 
together  with  the  joints  judiciously  broken,  will  stand  exceedingly  fins 
aiul  well. 

To  construct  the  ribs  of  a  spherical  dome,  with  eight 
axal  ribs,  and  one  purline  in  the  middle. 

(Fig.  589.)  No.  I.  Let  ABCDE  be  the  pbin  of  half  the  dome,  which  di- 
vide into  foiur  equal  parts  at  BCD  and  £,  these  points  of  division  will 
mark  the  centre  of  the  back,  or  convex  sides  of  the  ribs.  Tiiis  being  doue^ 
let  B  6,  C  c,  D  f/,  be  the  plans  of  these  ribs,  with  the  points  of  division 
in  the  centre.  F,  O,  H,  I,  K,  are  the  seats  of  the  upper  ends  of  the  ribs ; 
on  the  upper  kirb  draw  x  y,  No.  d,  parallel  to  AE,  then  from  the  dif- 
ferent seats  of  the  ribs  on  the  plan  draw  peq>endiGulars  cutting  *  y. 
Draw  the  cill,  x  y,  its  intended  thickness,  and  complete  the  elevation  of 
the  front  and  back  ribs.  The  front  ribs  are  quadrants,  forming  a  semi^ 
circle  on  the  u])per  side  of  the  wall-plate,  which,  of  course,  is  the  diamr- 
ter.  The  curves  of  the  sides  of  eacli  of  the  other  ribs  arc  the  quadrauts 
of  an  ellipsis  of  the  same  height  with  the  front  rib.  Place  the  purlines 
iu  their  intended  situation,  and  having  drawn  the  elevation  and  plan,  as 
shown  by  the  dotted  line,  the  construction  is  complete. 

The  ribs  of  an  elliptical  dome  are  found  precisely  on  the 
same  principle. 

Given  the  plan  of  a  polygonal  dome,  and  one  of  the  axal 
ribs,  at  right  angles  to  one  of  the  sides,  to  find  the  curve  of 
the  angle  rib  and  the  covering.  • 

Fig.  500.  Let  A,  B,  C,  D,  E,  F,  G,  H,  be  the  plan  of  .in  octangular 
polygonal  dome,  and  e  ab  the  given  rib ;  produce  c  a  to  </,  divide  the 
curve  line  a  BA  b  into  any  number  of  equal  parts,  the  more  the  better,  in 
this  case  four,  1,  2,  3,  6,  which  extend  on  the  line  ad;  the  first  from  a 
to  1,  the  second  from  1  to  2,  &c.:  from  the  points  of  division,  1,  9,  3,  b, 
draw  lines  parallel  to  B  e,  cutting  C  c,  and  m)m  these  plants  draw  lines, 
parallel  to  c  c/,  or  at  right  angles  to  B  e,  and  through  the  points,  I,  2f  3, 
draw  k  /,  m  n,  o  p,  and  tracing  a  curve  through  the  points  </,  p,  n,  /C» 
and  making  domk  B  similar,  then  the  space  comprehended  between  the 
curve  lines  dB  e  ;  and  the  side  BC  of  the  plan,  will  give  the  form  of  the 
whole  covering,  for  each  side  of  the  dome. 

To  find  the  hip- line  of  the  angle-rib,  whose  base  is  C  e. 
Draw  CE,  8  c,  1/,  at  right  angles  to  C  c,  and  make  CE  equal  to  c&. 
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r  rqual  %<€»  ami  1^ equal  to  1.  S,  &r.   nnd  trace  the  curve.  thruuKh  fh^'Ae 
Sints,  and  it  will  ^ive  the  an^le-Hb. 

The  method  of  covering  spherical  domes  is,  to  suppose 

:m  polygonal,  and  the  principle  the  same  as  the  foregoing 

operation  for  an  octangular  dome. 

A  Hirhe^  in  carpentry,  is  the  wood-work  to  be  lathed  over 

►r  plastering.    The  general  construction  of  niches  is  with 

/lindrical  backs  and  spherical  heads,  called  vt/litidro-ifp/trric 

tifhes  ;  the  execution  of  which  depends  upon  the  principles 

"spheric  sections. 

As  every  section  in  a  sphere  is  a  circle,  and  that  section 

ssing  through  its  centre  is  equal,  and  the  greatest  that 

be  formed  by  cutting  the  sphere  ;  it  ia  evident,  that  if 

le  head  of  a  niche  is  intended  to  form  a  spherical  surface, 

le  ribs  may  be  all  formed  by  one  mould,  whose  currature 

lost  be  equal  to  that  of  tlie  greatest  circle  of  the  sphere ; 

iz.  one  passitjg  through  its  centre  ;  but  the  same  spherical 

irfece  may,  though  not  so  eligible,  be  formed  by  ribs  of 

rood,   moulded  from   the  sections  of  lesser  circles,  in  a 

iety  of  ways. 

The  reason  why  these  latter  spherical  surfaces  are  not  so 
jible  as  those  of  greater  circles  is,  because  their  dispo- 
ion  for  sustaining  the  lath  is  not  so  good,  and  the  trouble 
moulding  them  to  ditterent  circles,  and  of  forming  the 
jes  according  to  different  bevels,  in  order  to  range  them 
the  spherical  surface,  is  very  great,  compared  with  those 
le  from  great  circles. 
Tne  disposition  of  the  ribs  of  niches  is  generally  in  a 
iftical  plane,  parallel  to  each  other,  or  intersecting  each 
other  in   a  vertical   line.     When    the   line  of  intersection 
through  the  centre  of  a  sphere,  all  the  ribs  are  great 
;  but  if  the  line  of  intersection  does  not  pass  through 
le  centre  of  the  sphere,  the  circles  which  form  the  sphe- 
rical surface  are  all  of  different  radii.     When  the  ribs  are 
[ed  in  parallel  vertical  planes,  their  disposition  is  cither 
irallcl    to  the  face  of  the  wall,  or  parallel  to  a  vertical 
passing  through  the  centre  of  the  sphere,   perpeudi- 
ilar  to  the  surface  of  the  wall ;  but  this  method  is  not  so 
igible  for  the  purposes  of  lathing. 

Another  method  is,  by  making  the  planes  of  the  ribs  pa- 
id to  the  horizon :  this  is  not  only  attended  with  great 
in  workmanship,  but  is  incommodious  for  lathing, 
le  various  positions  in  which  the  ribs  of  a  niche  may  w; 
taccd,  are  very  numerous ;  but  the  regular  positiom,  al- 
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^•ready  entimcratcd,  ought  to  be  those  to  which  the  carjicnl 
should  direct  his  attention. 

To  get  out  the  ribs  for  the  head  of  a  niche  j  all  of  them 
n  vertical  planes  passing  through  the  centre  of  the  sphere. 

Fig.  591,  No,  1,  From  the  centre  C  draw  tlie  ground-ulan  of  the  ril 
id  get  out  M  manr  ribs  upon  the  pkn  as  yttu  intend  to  have  in  the  hei 
►f  the  niche.  With  the  foot  of  your  nompasuca  in  C  and  from  the  endii 
I'^^iich  rib.  at/(Atid/,  draw  the  Binall  cont-cntric  dotted  rircrlcs  round  to 
kjccntre  rib.  at  o  Midp,  and  draw  o  m,  and  p  n,  parallel  to  a  6,  the  face 
I'^e  wall ;  then  from  r  rtiund  to  .«  on  the  plan  is  the  Icurth  and  »wee\\ 
'the  centre  rib  to  stand  over  ;  and  from  n  round  to  *  the  lejigih  and  cur 
Mtf  the  rib  that  stands  from  b  to  g  ;  and  from  m  round  to  St  the  cunre 
[^e  shortest  rib,  that  standH  from  A'  to  A  on  the  plan. 

Mow  tojind  the  bevel  of  the  0tds  of  the  back  ribs  agamri 
\ihe front  rib. 

The  back  ribs  are  Inid  down  dijitinct  by  theiaselvcK,  at  AB  and  C 
the  plan.     Take  h  1,  in  No.  1,  and  set  it  to  ^  1,  at  B,  draw  the  pet 
diruiarHi,  and  when  the'}'  interaert  the  rib»  it  will  shiiw  the  bevel  requi 
1*he«aiiic  operation  beinf  done  to  C',  the  bevel  is  found  in  the  name  tiumi 

The  places  of  the  back-ribs  when  fixed  upon  the  fironl 
rib  are  ascertained  by  drawing  perpenu  culars,  aiid  coraf 
pleting;  the  elevation  of  the  niche  No.  2  from  the  plan. 

To  find  the  radius  of  curvature  of  the  ribs  of  a  spherin 
nirhe^  Vfhen  the  ribs  alt  meet  in  a  vertical  line,  which  di 
vides  the  front  rib  into  two  equal  parts, 

Fip.  592,  No.  1.  Complete  the  circle,  of  which  the  inside  of  the  plan' 
an  arc  ;  produce  the  middle  line  of  the  plan  of  any  rib,  as  of  a  &,  Ut  mei 
the  opposite  side  of  the  circumference  in  b ;  on  the  whole  line  «r  *,  agi 
drauteter.  describe  a  i^emtcircle,  and  from  the  point  c,  wheu  the  ribs 
tcrscrt,  draw  a  perpendicular  to  c  d,  to  meet  the  arc  d  ti  at  ti,  which 
is  the  curve  of  the  rib,  whose  scat  h  d.  The  other  rib,  as  AD.  Ie  foi 
in  the  same  manner.    No.  2  is  the  ete^'ation  of  the  niche. 

Pendentive  cradling,  is  a  cove  bracketing,  springing  froi 
the  rectangular  walls  of  an  apartment  upwards  to  the  ceil 
ing,  so  as  to  form  the  horizontal  part  of  the  celling  into 
complete  circle  or  ellipsis. 

The  proper  criterion  for  sucli  bracketing,  if  the  walls 
oiU  by  horizontal   planes  through  the  coved  parts^  is,  thj 
all  the  sectitms  through  such  parts  will  be  portions  of  eh 
cles,  or  of  ellipses,  and  have  their  arcs  proportioned  to 
sides   of  the   apartment,  so   that   each    section   will   be 
compound  Ggurc.     Ikyides  having  four  curvilinear  parts,  i| 
will  have  four  other  parts,  which  are  portions  of  the  sid< 
of  the  rectangular  apartment :  and  the  axis  of  the  elUpail 
will  bisect  each  side  of  the  rectangle, 

Fi^.  593.  Let  ABCD  be  the  plan  of  a  room,  or  stair-caie,  to  be  bj 


ted,  to  M  to  form  tlie  tiir^e  uf  h  |i4^tiikdttve  ceiliaip ;  «iul  lei  A  6  c  D  be 
Ion  ftcroM  the  diR^onat ;  it  is  reqiiirfil  to  fitid  tho  curvatare  of  t>ic 
inginir  nb€  ? 

DrMH  <'  */  T***rpcndicwl«f  ^^^  ^'"   ►• •"••'  \^   •'^'^-  t^^  '*i^tanf«Cwmf' 

to  ti-  and  isct  it  :  s  point  draw 

r  to  meet  n.       J       \  .,:  ;j[)  J  nuke  tie 

L'»>cnt  \dV  equal  i<  alar,  jii)ddc»crilKJ 

t  .  '  ,  which  is  the  sprin-i  j  i:rcd.     If  from  thr 

:eiitrc  i)  vnt  arc  be  deicnb«d,  with  a  rsuliu»  «<|iiaI  to  Uu:  If  ngfth  of  the  seat 
»f  ti  rih,  fu  tTiect  the  goat  of  the  diiicroital  rtb  AD  ;  uid,  if  from  the  point 
ri«]icular  be  dreirti  to  luoet  thie  carve  A  h,  the  portion  of 
>ual  rib,  intercepted  between  A  and  the  pcnK-ndicular, 
wiii  ptvf  till*  k'ngth  of  the  rib,  rorresponding^  to  the  seat  which  was  taket.. 
Pig.  594.  The  dia^ona.1  rib  is  a  semicircle:  the  opemtion  is  exactly  the 
Mine,  ftiul  DiAy  be  deicfibed  in  the  Kvne  words. 


MENSURATION  OF  CABPBNTSRs'  WORK* 

large  and  plain  articles  \q  which  an  uniform  quantity 
if  niRtcrials  ana  vvorkmanship  is  expended,  are  generally 
;ineastired  by  the  square  of  100  superficial  feet- 
Piles  used  in  the  foundations  are  valued  at  per  piece,  and 
[drnTn  by  the  foot  run,  according  to  their  diameter,  and 
;bc  quality  of  the  ground. 

Keepers  and  planking  are  measured  by  taking  tlie  super- 
ficial contents  in  yards  or  squares. 

Plain  centreing  is  measured  by  the  square ;  but  as  the 

ribs  and  boarding  are  tivo  difTereut  qualities  of  work»  they 

ought  to  be  measured  and  valued  separately  ;  one  dimension 

lof  the  boardiug  being  taken  by  girting  it  round  the  arcb^ 

the  other  being  the  length  of  the  vault. 

Centreing  for  groins  should  be  measured  and  valued  as 
common  centreing ;  but  in  addition  thereto,  the  angles 
jfihonld  be  paid  for  by  the  foot  nin,  th^t  is,  the  ribs  and 
[boarding  ought  to  be  measured  and  valued  sej)arately,  ac- 
cording to  the  exact  superficial  contents  of  each ;  and  the 
angles  by  the  lineal  foot  for  workmanship,  in  fitting  the 
rib  and  boards,  and  for  the  waste  of  wood  occasioned  by 
|Uic  operation. 

Wftll-plates,  lintels,  and  bond-timbers,  are  measured  by 
the  cubic  foot,  under  the  denomination  of  fir-in-bond. 

Naked  flooring  may  either  be  measured  by  the  sqtiare, 
lor  by  the  cubic  foot,  according  to  the   description  of  tha 

►r'  the  quantity  of  timber  employed.     In  forming 

^  tic  uf  its  value,  it  should  be  observed,  that  in  eauu 
[liable  quantities  of  small  and  large  timben,  the  small  tint 
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bers  will  have  more  superficies  than  the  large  ones,  asd, 
therefore,  the  saving  will  not  be  in  a  ratio  with  the  soiid 
contents  ;  consequently  the  value  of  the  workmanship  will 
not  follow  the  cubic  quantity,  or  said  ratio.  The  dimcoltf ' 
of  handling  timbers  of  the  same  length  increases  with  the 
weight  or  solidity,  as  the  greater  quantity  requires  greater 
power  to  handle  it,  and  consequently  more  time. 

In  naked  flooring,  where  girders  are  introduced,  the  uni- 
formity of  the  work  is  interrupted  by  mortises  and  tenonj^ 
so  that  the  sum  ascertained  by  the  cubic  quantity  of  the 
girders,   at  the  same  rate  per  foot  as  the  other  parts^  is  not 
sufRctent ;  not  only  on  account  of  the  great  dttference  of 
size,  but   the  great  disparity  in  the  quantity  of  workman- 
ship, occasioned  by  its  being  cut  full  of  mortises  to  receive 
the  tenons  of  the  binding-joists  ;  the  best  method,   there- 
fore, to  value  the  labour  and  materials  is,  to  measure  and 
estimate  the  whole  by  the  cubic  quantity,  and  allow  an  addi- 
tional rate  upon  every  solid  foot  of  girders  ;  or,  if  the  bin* 
ing-joists  are  not  inserted  in  the  girders,  at  the  usual 
tances,  a  fixed  price  for  every  mortise  and  tenon,  in  pi 
portion  to  their  size,  which  will  keep  a  ratio  with  the 
of  the  end  of  the  girder. 

Ptirtitions  may  be  measured  by  the  cubic  feet ;  but  the 
cills,  top-pieces,  and  d(5or- heads,  should  be  measured  by 
themselves,  according  to  the  solid  quantity,  at  an  additional 
rate ;  because,  both  the  uniform  solidity,  and  the  uniform 
quantity  of  workmanship  are  interrupted  by  them,  ^^m 
trussed  partitions,  the  braces  should  be  rated  by  the  fo^H 
cube,  at  a  superior  price  to  that  of  the  quartcrings,  for  the 
trouble  of  fitting  the  ends  of  the  uprights  upon  their  upper 
and  lower  sides,  and  for  forming  the  abutments  at  (he  cnd^. 

The  timbers  in  roofing  should  be  measured  by  the  cubic 
foot,  classed  as  the  dilfieulty  of  execution,  or  as  the  waste 
occasioned,  may  require. 

Battening  to  walls  is  best  measured  by  the  square,  ac- 
cording to  the  dimensions  and  distances  in  the  clear  of  the 
battening. 

It  would  be  endless  to  enumerate  the  various  niethods 
of  measuring  each  particular  species  of  carpenters'  work; 
'the  leading  articles  only  need  be  noticed. 

When  the  shell  of  a  building  is  finished,  that  is,  previoi 
to  the  floors  being  laid,  or  the  ceilings  lathed,  all  the  timbei 
•hould  be  measured,  that  no  doubt  may  arise  as  to  the  acti 
•canllings  of  the  timbers,  or  of  the  description  of  the  work^ 
maiiship.     In  taking  dimensions  it  must  be  observed  that/ 


laty 
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i&  which  hdve  teaoos^  mvi»i  be  measured  to  the  extre- 
of  the  teuouii. 

It  is  impossible  to  detenuinc  on  any  proper  rate,  includ- 
ig  b<nh  oiatcrialfi  arid  workmanships  as  the  one  may  he 
tatiouary,  while  the  other  is  variable.  With  respect  to 
latcrials,  the  value  of  any  quantity  may  be  easily  asccr- 
ined,  whatever  be  the  price  per  load  ;  but  the  difficulty  is 
greater  in  fixing  proper  rates  of  workmanship  ;  however, 
the  time  of  executing  every  species  of  work  knowpi 
would  be  no  diffkuUy  in  establishing  certain  uniform 
Itics,  which  would  give  the  real  value. 


JOINERY. 

Is  the  next  branch  of  art  which  comes  under  our  coD- 
tratjou,  and  comprises  the  practice  of  emplojing  wood  in 
le  external  and  intcnial  tinishings  of  housei^. 

the  exeaition  of  this  branch  of  building,  it  is  almost 
isary  to  observe  that,  as  joinery  is  employed  princi- 
^Tt)y  way  of  decoration,  and  is  liable  to  close  inspection, 
yne  of  the  departments  which  demands  the  strictest 
id  attention  in  the  workmen;   and  it  requires  the 
rt  ingenuity,  skill,  and  experience,  to   become  ftilly 
of  evci7  subject  under  the  joiner's  consideration. 
first  and  most  important  thing  to  be  attended  to,  is 
licious  selection  of  materials  ;  as,  without  a  strict  ob- 
of  this  particular,  the  care,  ingenuitj',  and  ex- 
of  the  workman  will  be  wholly  frustratecl. 
the  temperature  of  the  atmosphere  has  a  great  influ- 
im  wood,  and  more  particularly  in   the  winter  sea- 
it  would  be  advisable  to  put  that  which  is  to  be 
in  fine  work  over  an  oven  for  a  day  or  two.      In  the 
rut  descriptions   of  joint  used   by*  the  joiner,  a  hot 
ioos  liquid,  called  gttie,  is  almost  universally  used,  and 
applied,  the  two  surfaces  of  the  wood,  which  have  been 
►osly  rendered  smooth,  are  rubbed  together  until  the 
leurly  all  forced  out.     One  piece  is  then  set  tu  its 
rith  respect  to  the  other. 

iidc  work,  such  as  gates,  doors,  fitc.  white»lead  is 
in  cdi  the  joints. 

tni  a  frame,  consiiiting  of  several  pieces,  is  required, 

irtises  and  tenons  arc  fitted  toKcther,  and  the  joints 

Lt  one  time,  then  cntei'ed  to  their  places,  and  forced 

he  iijivsisiancc  of  an  instrument  called  vl  cramp* 


THB   OPBRATIVB   MKCHANJC 

The  Operation  of  rendering  a  rough  sarface  SDioothy  bi 
taking  away  the  superfluous  wood,  is  called  planing; 
the  tools  used  for  this  puqioscare  cfiW^d  planes. 

The  planes  used  by  joiners  in  the  primary  operation 
their  work  arc  called  jack-planes,    trying-planes,    Inni 
'planes,  and  smoothing-planes  ;  the  respective  uses  of  whi< 
are  as  follow  : — ^The  jack-plane  is  used  for  taking  away  tl 
rough  occasioned  by  the  saw,  and  removing  all  sitperfluoi 
and    other  uneven   parts.      The   trying- plane   more   pi 
ticularly  to  bring  the  surface  perfectly  level  and  true  :  tl 
long  plane  succeeds,  when  the  surface  is  long,  and  is 
quired  to  be  very  straight,  as  in  jointing  long  boards  fc 
tlie  purpose  of  gluing  them  together ;  and  the  smoothing* 
plane  is  used  to  smooth  and  clean  ulTthc  work. 

In  addition  to  the  above,  termed  bench-planes,  others  ai 
occasionally  used  in  forming  any  kind  of  prismatic  surfac 
viz.  rebatifig-planes,  groov{7ig-planes,  rnoufding-planes,  &c, 
under  whicli  nead  is  included  the  ^fillister  and  plough, 

JRebaiing-plancs  arc  used  for  cutting  out  rebates,  a  kin< 
of  half  groove,  upon  the  edge  of  a  board,  or  other  piece 
wood,  formed  by  taking  down  or  reducing  a  small  part 
the  breadth  of  the  board  to  half,  more  or  less,  of  the  gene 
thicknessp  By  this  means,  if  a  rebate  be  cut  on  the  np| 
side  of  one  board,  and  the  lower  side  of  another,  the  t« 
may  be  made  to  overlap  each  other,  without  making  thi 
any  thicker  at  the  joint. 

Rebates  are  also  used  for  ornamenting  mouldings,  and  fc 
many  other  purposes  In  joiners*  work.     The  planes  forcoU 
ting  them  are  of  different  kinds,  some  having  the  ciitttn| 
edge  at  the  side  of  the  iron  and  stock  ;  others  at  the  bottoi 
edge  of  the  iron  and  the  face  of  the  stock  j  and  others  eut- 
tiog  in  both  these  directions.    The   former  arc   used 
smooth  the  side  of  a  rebate,  and   therefore  arc  called  sh 
rvha  ting -planes  \  the  others  for  smoothing  the  bottom.     A] 
third  sort  of  rebate- planes,  called  a  Jillister,  is  used   foi 
vsinking  or  cutting  away  the  edge  of  a  piece  of  wood,  to  fort 
the  rebate,  leaving  it  for  the  others  to  smooth  the  surfa< 
when  cut. 

The  moving  fill istct  is  a  rebating- plane  having  a  ruler 
wood,  called  \\\Qfmc€^  fixed  by  screws,  upon  its  faec,  in  th< 
direction  of  its  length,  and  exactly  parallel  to  the  ^i\^  of 
the  face;  couscquently,  it  covers  part  of  I  he  width  of  the 
ciittltjg  edge,  and  can  be  fixed  at  any  required  distance  fi-oni 
the  edge,  tn  Iciive  more  or  kss  of  the  cutting  cd;^e  exposed, 
u'/iichVill  be  ihebrttadlh  of  the  rebate  it  will  cut,  hccausCi 
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vrtuujk  VL^edj  the  edge  of  the  feace  is  applied  against  the  ^d^ 
of  the  piece  to  be  rebated,  smd  thus  gauges  uxe  breadth  it» 
iron  should  cut  away.  The  cutting-iron  of  this  plauje  is  not 
situated  at  right  angles  to  the  Length  of  the  stock,  but  has 
ha  obliquity  of  about  forty-five  degrees  ;  the  exposed  side 
of  the  iron  being  more  forward  than  the  one  next  to  the 
fence.  By  this  obliquity,  the  plane  has  a  tendency  or  drift 
to  run  further  into  the  breadth  of  the  wood  ;  but  as  the  fence 
sliding  against  the  edge  prevents  this,  the  drift  always  keeps 
the  fence  in  contact  with  the  piece  without  the  attention  of 
the  workman :  it  also  causes  the  iron  to  cut  the  bottom  of 
the  rebate  smoother,  particularly  in  a  transverse  dircctiun 
to  the  fibres,  or  where  the  wood  is  cross-grained,  or  where 
the  edge  is  perpendicular  to  the  sides  of  the  plane.  It  is 
chiefly  used,  however,  to  throw  the  shaving  into  a  cylindri- 
cal form,  and  thereby  make  it  issue  from  one  side  of  the 
plane.  Besides  this  iron,  there  is  another  of  smaller  di- 
Mttsions,  called  the  tootfi^  which  precedes  the  other,  to 
acratch  or  cut  a  deep  crack  in  the  width  of  the  rebate,  thus 
making  the  shaving,  which  the  iron  cuts  up  from  the  bot- 
tom, separate  sideways  from  the  rest  of  the  wood.  The 
ttuh-^fillisier  dllfcrs  in  many  particulars  from  the  moving 
fillister  :  the  fence  is  adapted  to  be  moved  to  a  considerable 
dittancCj  not  being  lixed^  as  in  the  moving  fillister,  ij 
screws  upon  the  face,  but  sustained  by  two  bars,  fixed  fast  to 
iiy  passing  through  the  two  vertical  sides  of  the  stock  at 

fright  angles  to  the  sides  :  these  bars,  when  set  to  their 
intended  places*  are  tightened  by  small  wedges.  This  kind 
of  plane  is  usually  employed  to  rebate  narrow  pieces  of 
wood,  such  as  are  used  in  sashes  ;  and  the  fence  is  applied 
against  the  opposite  edge  to  that  on  which  the  rebate  Is  to 
be  formed. 

The  plough  is  a  plane  with  a  very  narrow  face,  made  of 
iroBy  fixed  beneath  a  wooden  stock,  and  projecting  down 
from   the  %vood  of  the  stock  ;  the  edge  of  the  cutting-irou 

I  he  full  width  of  the  groove  required:  it  is  guiaed  by 

with  bars  like  the  sash-fillister,  and  has  also  a  stop  to 
restate  the  depth  intended  for  the  grooves. 
MouldUtg'planes  are  those  which  have  their  faces  and 
cutting  edges  curved,  to  produce  Ml  the  varieties  of  orna- 
mental mouldings  :  they  are  known  by  the  names  oi  snipe  s- 
hilU^  iide  mipe's'bills,  beads ,  hollows^  rQundsy  ovolcHy  and 
oge€i.  Of  these  there  are  a  great  variety  of  sizes,  with  which 
every  gf)od  joiner  is  furnished. 
The  whole  of  these  plaices  have  their  faces  straight  in  the 
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direction  of  their  length  ;  but  a  section  across  the  face  in 
the  impression  or  reverse  of  the  moulding  they  are  intended 
to  make. 

The  tools  employed  in  boring  cylindric  holes  are  a  stack 
with  bitfi,^  j^imMsy  and  brad-awls  of  vbt'ioms  descriptions  and 
sizes.  The  tools  used  for  paring  the  wood  obliquely,  or 
across  the  fibres,  and  for  cutting  rcctaJigular  prismatic  ca- 
vities, are  in  general  denominated  chisek ;  those  for  parinf 
the  wood  across  the  fibres  being  called  Jirmers,  or  pari} 
chiseix,  and  those  for  cutting  mortises,  morthe-chi^eh. 
best  paring-chiscIs  are  made  entirely  of  cast  steel.  Chisel 
for  paring  concave  surfaces,  are  called  gouges. 

Wood  is  generally  divided  or  reduced  by  means  of  ^oMtM^ 
of  which  there  are  several  sorts ;  as  the  ripping' saw,  fc 
dividing  boards  into  separate  pieces,  in  the  direction  of  th< 
fibres  ;  the  hand-saw,  for  cross- cutting,  or  for  sawing  thii 
pieces  in  the  direction  of  their  length  ;  the  panel-saw^  eithc 
for  cross  cutting,  or  cutting  verj^  thin  boards  longitudinally 
the  tenon-saw,  with  a  thick  iron  back,  for  makmg  an  inci' 
sion  of  any  depth  below  the  surface  of  the  wood,  and  fc 
cutting  pieces  opposed  to  the  length  of  the  fibres  ;  aUo  aj 
sash'saw,  and  a  dovetail- saw ^  used  much  in  the  same  w*a3 
as  the  tenon-saw. 

From  the  thinness  of  the  plates  of  these  three  last-men- 
tioned saws,  it  i»  necessary  to  stiffen  them  by  a  strong  piece 
metal  called  the  back,  which  is  grooved  to  receive  the 

>pcr  edge  of  the  plate,  fixed  *o  the  back,  and  which  is 
thereby  secured  and  prevented  from  crippling. 

When  it  is  required  to  divide  boards  into  curved  surfaces, 
a  very  narrow  saw  witht»ut  a  back,  called  a  compass-saw, 
is  used  ;  and  in  cutting  a  very  small  hole,  a  saw  of  a  similar 
description  is  used,  called  a  kei/- hole-saw.  Both  of  these 
description  of  saws  are  called  tuming-mivs^  and  have  their 
plates  thin  and  narrow  towards  their  bottom.s^  and  each 
succeeding  tooth  finer. 

The  extenial  and  internal  angles  of  the  teeth  of  all  saws 
are  generally  formed  at  one  angle  of  60  degrees,  and  the 
front  edge  teeth  slope  backwards  in  a  small  degree.  The 
teeth  of  every  description  of  saw,  except  tuniing-saws,  arc 
alternately  bent  on  contrary  sides  of  the  plate,  so  that  all 
the  teeth  on  the  same  side  are  alike  bent  throughout  the 
length  of  the  plate,  for  the  purpose  of  clearing  the  sides  of 
the  cut  njade  oy  it  in  the  wood.  The  foregoing  are  generally 
termed  edge- tools. 

When  it  is  necessary  to  Bi»certain  if  an  angle  be  exacih 
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'-"''      I  to  any  number  of  degrees,  a        '       !!ed 
1         and  in  the  latter  iastancc,  a  btt  t  to 

allele;  when  a»y  piece  i8  to  be  reduced  to  a  parallel 
or  thickness,  an  instrument,  called  a  gauge^  formed 
uare  piece  with  a  mortise,  having  a  sliding  bar,  called 
f  running  through  it  at  right  angles,  and  furnished 
h  a  tooth,  projecting  a  little  from  the  surface,  is  used  \ 
Ihat  when  the  stock  of  the  gauge  is  applied  to  the  verti- 
sidc  or  edge  of  the  piece,  with  the  toothed  side  of  tlje 
pn  upon  the  horizontal  surface,  and  is  pushed  and  drawm 
pniiUcIy  bat  k wards  and  forwards  by  the  workman,  the 
Ch  will  ntakc  an  incision  from  the  surface  into  the  wood, 
I  parallel  distance  from  the  edge  to  which  the  fitock  part 
tf>plied. 

y' ■•       '.  mortise  is  to  be  made  in  a  piece  of  wood,  the 

p  i  has  two  teeth.     The  construction  of  this  gauge 

p.  J  as  tl»at  before  described,  except  that  the  tooth 

hr>  v;  stock  niovcs  by  means  of  a  longitudinal  slider 

be  &teni,  which  is  to  be  set  at  a  distance  from  the  other 

hp  as  occasion  may  require. 

'  a  piece  of  wood  is  to  be  sawn  across  the  fibres,  a  flat 
PC  of  wood,  which  has  two  projecting  knobs,  on  opposite 
By  one  at  each  end,  called  a  side-hook,  is  used,  to  keep 
piece  which  has  to  undergo  the  operation  of  tlic  saw 
>dy  ;  the  knob  at  one  end  presses  against  the  piece,  while 
;  at  the  other  end  is  hooked  to  the  bench.  Two  of 
e  are  necessary  when  the  pieces  arc  long.  • 
7hen  a  piece  of  wood  is  required  to  be  cut  to  a  nutrc, 
jp,  to  hidf  a  right  angle,  joiners  use  a  trunk  of  wxHsd 
Hpircc  sides,  like  a  box  that  has  ueitlier  ends  nor  top,  the 
•land  bottom  being  parallel  pieces,  and  the  sides  of  equal 
;ht.  Through  each  of  the  opposite  sides,  in  a  plane  per- 
dicular  to  the  bottom,  and  at  the  oblique  angles  of  45* 
135*  with  the  planes  of  the  sides,  a  kerf  is  cut  \  and 
tber  kerf  is  made  with  its  plane  at  right  angles  to  th« 
\  iarraer*  Into  this  trunk,  termed  a  mitre-hos^  the  piece 
K»  cut  is  put,  and  the  saw,  guided  by  the  kerfe,  cuts  the 
>d  to  I  be  angle  required. 

|i  making  a  straight  surface,  a  strip  of  wood  called  a 
Ughi^edge^  which  has  one  of  its  edges  perfectly  straight, 
requcQlIy  apnllcd,  to  detect  the  irregularities,  and  the 
re  is  ai  >  planed  with  the  trying  plane  until  the 

coinLiik:>  *vith  the  straight- edge, 
rtaiu  if  the  surface  of  a  piece  of  wood  be  in  one 
U>c  joiner  takes  two  slipd  of  wood,  each  straightened 
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Teueers  mth  a  brushy  uud  fix  a  bridle  across,  confining  its 
eods  either  by  nails  or  by  screws ;  open  the  veneers  again, 
put  glue  a  second  time  between  each,  and  fix  another  bridle 
across  them }  and  in  this  manner  proceed  to  the  other  ex« 
tremity* 

A  fourth  plan  is  to  cut  a  number  of  equidistant  grooves 
across  the  back  of  the  board,  at  right  angles  to  its  edges, 
leaving  only  a  small  thickness  towards  the  face  j  then  to  bend 
this  round  a  cradle  with  the  grooves  outwards,  and  fill  the 
grooves  with  strips  of  wood,  which,  after  the  glue  is  quite 
dry,  mu»t  be  planed  down  level  with  the  surface  of  the 
board.  This  may  be  stiffened  by  gluing  strong  canvaes  on 
the  back. 

To  bend  a  board  so  as  to  form  the  fnistum  of  a  cfmCy  or 
an^  sefrmattal  portion  of  the  fi^atum  of  a  cone^  as  the  sof- 
Jk  of  the  head  of  an  aperture* 

When  the  envelope  of  the  covering  is  found  by  the  rule 
laid  down  under  the  article  Masoni^,  page  542,  and 
the  mould  is  made  with  a  thin  piece  of  board,  cut  out  the 
board  intended  to  be  bent,  and  run  a  number  of  saw  kerfs, 
or  grooves  made  by  a  plane,  (whicb  are  preferable,)  equi- 
diatant  from  each  other,  and  tending  to  the  centre,  and 
Imving  fixed  it  to  a  templet,  made  to  the  surface  of  a  cone, 
finish  it  in  the  manner  shown  in  the  last  method,  for  a 
cylinder. 

To  glue  up  the  shaft  of  a  column^  supposing  it  to  he  the 
frustum  of  a  cone. 

Prepare  as  many  staves  as  the  circumference  may  require, 
and  let  the  joints  of  each  be  so  managed  as  to  fall  in  the  61- 
lets,  which  disposition  will  be  stronger  than  if  they  were  to  fall 
in  the  middle  of  the  thitcs.  Suppose  eight  pieces  to  be  suf 
ficient  to  constitute  the  shaft  of  a  column  :  describe  a  circle 
tothediamctcrof  eachcnd ;  about  each  circle  descril>e  an  octa- 
gon ;  from  the  concourse  of  each  angle  draw  a  line  to  the  cen- 
tre, then  draw  an  interior  concentric  octagon,  with  each  side 
parallel  to  the  respective  sides  of  the  corresponding  one, 
and  the  distance  between  these  two  octagons  equal  to  the 
liijckoess  of  the  staves  ;  and  thus  the  section  of  the  staves 
will  be  found  at  each  end,  and  consequently,  the  bevels  will 
be  obtained  througliout  t!ic  whole  length.  In  order  to  join 
the  cHiIumn,  glue  two  pieces  together,  and  when  cjuite  dry, 
glue  in  blockings  to  strengthen  them  ;  join  a  tliii*d  jiiece  to 
the  former  two,  and  secure  it  also  by  blockings.     In  this 

Bprf>ceecl  to  the  last  piece  but  one.    In  fLxing  the  hist 
c  blockings  mubt  be  Klucd  to  the  adjacent  staves; 


aud  their  ♦surfacejj,  on  which  the  last  stave  is  iiitcndeci  to 
rest,  must  be  all  in  the  same  plane,  that  its  back  may  rest 
iinnly  upon  thein.  In  closing  np  the  remaiiiin|j  space,  the 
part  of  the  column  that  is  glued  together  should  be  kept 
from  spreading  by  coiifming  it  in  a  kind  of  cramp,  or  cra- 
dle, wljile  driving  the  remaining  stave  to  close  the  joints. 

Instead  of  the  foregoing  mode*  some  joioei*s  glue  up  tht; 
ctdumns  in  halves  and  then  glue  them  together.     \Mien  an 
iron  core  is  necessary  to  support  a  floor  or  roof,  the  column 
must  necessarily  be  glued  up  in  halves ;  in  which   ease  the. 
two  halves  are  to  be  dowelled  together,  aud  the  joints  filled 
with  white-lead.     Instead   of  a    cramp,  a   rope  is   used, 
twisted  by  meaos  of  a  lever.     In  bringing  the  two  halves 
together,  the  percussive  force  of  tlie  mallet  must  be  applied 
upon  the  middle  of  the  surface  of  one  half,  while  an  assist* 
ant  holds  something  steady  against  the  middle  of  the  otbery 
that  the  opposition  may  be  equal,  and  by  this  means  the-c 
surfaces  will  be  brought  into  contact,  and  form  the  joint 
as  desired.  In  this  operation  pieces  of  wood  ought  to  be  in-  ^ 
aerted  between  the  column  and  the  rope.  m 

Boards  can  be  connected  together  at  any  given  angle, 
either  by  pins  or  nails,  mortise  and  tenon,  or  by  indenting 
them  toilet  her. 

This  last  mode,  from  the  sections  of  the  hollows  and  pro- 
jecting parts  being  formed  like  a  dove's  tail,  is  called  dave^ 
tailing. 

There  are  three  sorts  of  dove  failing  *,  viz.  com  men  j  lap, 
and  mitre.     Common  dovetailing  shews   the  form  of  tbe^ 
projecting  parts,  as  well  as  of  the  excavations  made  to  re«^ 
ceive  them  ;  lap  dovetailing  conceals  the  dovetail,  but  shews 
the  thickness  of  thi::  lap  on  the  return  side;  and  mitre  dove- 
tailing conceals  the  dovetail  and  shews  only  a  mitre  on  the 
edges  of  the  planes  at  the  surface  of  the  concourse ;  that  is, 
the  edges  in  the  same  plane,  the  seam  or  join  being  in  the 
concourse  of  the  two  faces,  making  the  given  angle  with  m 
each  other.  fl 

Concealed  dovetailing  is  particularly  useful  where  the  faces 
of  the  boards  are  intended  to  form  a  saliant  angle ;  but 
when  the  faces  form  a  re-entrant  angle,  common  dovetailing 
is  preferable. 

There  is  another  simple  and  expeditious  manner  of  con- 
necting the  ends  of  boards  together  where  the  faces  form  a 
re-entrant,  or  internal  angle,  by  means  of  a  gi'oove  in  the 
onCy  and  a  tongue  in  the  other ;  and  if  the  pieces  be  pre 
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nailed  so  that  tlic  uails  be  uot  seen  in  tlic  facc5^  Um 
iwer  ever}'  purpose  of  common  •dovetailing', 
irious  methods  are  employed  in  connecting  pieces  of 
0  as  to  form  an  angle,   we  shall  here  present  the 
with  so*ne  of  the  best  examples, 

>95  AuA  5d6  are  methods  of  connect iug  two  pieces  of  wood  ao  M 

riiitl  rt|^ht  antfles. 
rt       J-).  599.  '600,  601,  and  COS,  exhibit  the  joining^  ufboanli  at 

IPPbaikI  599  the  external  an|(Ie»  being  that  which  is  exposed 
t$  rounded  or  beaded. 

00  is  the  moot  roimnoii  of  mitres. 

01,  a  lapped  mitre,  which  i«  much  stronger  than  Fig'.  000. 

[IS,  A  lapp4>d  and  tongued  mitre. 

08.  dovetaiiiog-. 

Oh  secret  dovetailingf. 

Bid  boards  are  required  to  be  joined  together  to 
■Dad  face,  they  are  sometimes  strengthened  by  fix- 
mi  a  tongue  and  groove,  or  mortise  and  tenon, 
UArrow  piece  across  each  end  :  the  cross  piece  is 
nr/cimp^  and  the  board  thus  constructed  is  said  to 

most  simple  description  of  door  is  constructed  of 
simply  rebated  together,  or  each  edge  plough - 
gued  ;  these  are  confined  together  by  a  transvei-se 
cd  a  ledge  nailed  a  cross,  from  which  the  door  de- 
le  name  of  a  ledge-door, 

n  strength,  durability, and  beauty  are  to  be  combined, 
i,  joined  by  mortise  and  tenon,  is  constructed  with 
more  openings  ;  and  these  openings  are  filled  with 
called  panels,  fitted  into  grooves,  ploughed  in  the 
if  the  frame.  The  horizontal  pieces  of  the  framing  are 
according  to  their  situation,  top-rait,  bottom-rail, 
iij  ikud  frieze-raiL  On  the  lock- rail  the  lock  is  either 
!d  iQj  or  screwed  on  ;  and  the  frieze-rail  is  an  interme- 
til  between  the  top  and  middle  raiU    The  extreme 

1  pieces  to  which  the  rails  are  fixed  are  called  stiles ; 

fiere  be  any  Intermediate  piece  it  is  called  a 
derive  their  names  according  to  the  manner  in 
they  are  framed  and  the  number  of  panels  they  con- 
I  one,  two,  four,  six,  &c,  panelled  doors  ;  and  are 
scribed  by  the  moulding  and  description  of  panel. 
r«  are  those  whichj  wheji  shut,  are  as  much  con- 
possible.  They  are  used  to  preserve  the  uni- 
a  room^  or  to  save  the  expense  of  a  corresponding 
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be  niaide  of  the  best  materkU^ , 


)r.     Doors  ougli 

t!y  seasoned, -ill 

ibiiigs  should  be 
ictiicss^  and  the  whole  of  their  siirfnce^  be  pc; 
*llie  mortising,  tenoning,  plougiung,  and 
mouldings,  ought  to  be  worked  correctly  to  ttt 
[^otherwise  the  door,    when  put  together,    ^vlli    *»e  *im  ^ 
truth,  and  occasion  the  workaifiD  a  great  deal  oi  Croiibk^ 
paring  the  d liferent  parts  to  make  it  appear  satiafii^onr: 
4lie  door  will  also  lose  much  of  its  (irmni^s,  ciipcciiiliyif  Ik 
mortises  and  tenons  require  to  be  pared. 

la  bead  and  flush  doors,  make  the  work  srinftw*,  aftiT- 
wards  put  in  the  panels,  and  smooth  the 
gethcr  ;  then,  marking  the  panels  at  the  murt^  vi   Unt  ujiu*- 
ing  to  which  they  agree,  take  the  door  to  pieces^  and  trork  ^ 
beads  on  the  stiles,  mountings,  and  i*ails.     If  the  doon  ore 
<loublc  margin,  that  is,  representing  a  pair  of  ftiidmir<^>'^i 
the  dtalT  stile,  which   imitates  the  meeting-stik?-, 
inserted  into  the  top  and  bottom  rails  of  the  door, 
ing  the  ends  into  notches  cut  in  the  top  and  bottom  nuts. 
.    In  the  hanging  of  (hif)ra,  the  chief  ami  is  to  clear  thr  -^^^ 
^t  or  ground^  which  maybe  aocompLtsbed  by  ol^ 
the  following  rules,     Firat,  let  the  fl(      '      aiMd iDMl£r  un 
<loor,  according  to  the  intended  thiL  >f  the  0ar|Kt; 

secondly,  let  the  knuckles  of  the  top  and  b>  ingc^bcs<» 

placed,  that   the   top   hinge    hang,   or  pi    ,  Nml  od»' 

eighth  of  an  inch  over  the  loww  ;  that  is,  it  ti  be  kt 

equally  into  the  door  and  into  the  jamb,  proK\  .  ..  ..ak 
yond  the  surface  of  the  door  *,  but  if  the  ccinlrc  Ik?  in 
surface  of  the  door,  it  must  be  placed  at  the  very  top, 
is  seldom  done,  except  when  the  door  is  hung  with 
Thirdly,  let  the  jamb  on   which  the  door  In 
about  an  eighth  of  an  inch  out  of  tlic  pcni 
upper  part   inclining   towards    the    op|i 
fourthly,  let  the  inclination  of  the  rebate  ;.^    „L,i, 
door  shall,  when  shut,  project  at  the  t>ottotiij  towanll  tkc 
room,  about  an  eighth  of  an  inch. 

These  several  metho<ls,  practised  on  8o  small  a  acale,  m 
not  perceptible;    but,  never'     '  'ii   throw    the  door, 

when  opcnc*d,  to  a  square  suil  of  the  levd  j  tlit 

is,  at  least  half  ao  inch,  when  the  height  of  the  docf^H 
double  the  tvidth.  ^H 

Scveml  kinds  of  rising  hinges  have  been  inlroductd  fcr* 
this  purpose  :  some  of  the  be«t,  constructed  of  brass,  aicly 
no  means  objectionable^  even  to  the  best  doom. 
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Before  we  proceed  >o  the  principles  of  hanging  do<irs,  we 
;»)iaU  submit  to  the  reader    some  infunnation  on  the  subject 
in  general. 

ing  of  hinges  depends  entirely  on  the  form  of  the 
id  ui>  the  motion  of  the  door  or  clognre  is  angular,  and 
^d  round  a  fixed  line  as  an  axis,  the  hinge  must  be 
»tfctf?d  that  the  motion  be  not  interrnpted  :  thus,  if  the  joint 
^utatn  the  surface  of  two  cylinders,  the  convex  one  in  mo- 
tion upon  the  edges  of  the  closure,  and  8^iding  upon  the 
icare  one  which  is  at  rest  oii  the  fixed  body,  the  motion 
»f  the  closure  must  be  performed  on  the  axis  of  the  cylin- 
r,  which  axis  must  be  the  centre  of  the  hinges.  In  tliis 
whether  the  aperture  be  shut  or  open,  the  joint  will  be 
;  but  if  the  joint  be  a  plane  surface,  it  is*  necessary*  to 
nder  upon  what  side  of  the  aperture  the  motion  is  to  be 
'performed,  as  the  hinge  must  be  placed  on  the  side  of  the 
where  it  revolves. 
The  hinge  is  made  in  two  parts,  movable  in  any  angular 
^direction,  the  one  upon  the  other. 
.  The  knuckle  of  the  hinge  ih  a  portion  contained  under  a 
■  ic  surface,  and  is  common  both  to  the  moving  part 

1  •  part  which  is  at  rest;  the  cylinders  are  indented  io- 

Kio  each  other,  and  are  made  hollow  to  receive  a  concentric 
Hcylindric  pin,  which  passes  through  them,  and  connects  the 
H moving  parts  together. 
^     Tlic  axis  of  the  cylindrical  pin,  is  called  the  ajri*  of  (he 

When  two  or  more  hinges  are  placed  upon  a  closure,  the 
ft    axis  of  the  hinges  mui>t  be  in  the  sume  straight  line. 
Bf     The  straight  line  in  which  the  axis  of  the  hinges  arc  placed 
pil  called  the  line  of  hinges. 

Wc  shall  now  proceed  to  the  principle  of  luinging  dooi's, 
shatters,  or  flaps,  with  hinges. 

Ttir  rentre  of  t\w  hUi^f  1*  genenilly  pnf  iu  the  middle  of  the  joints  a* 

It  A.  Yig.  G05,  but  in  luany  casefl  there  is  u  iirccssity  for  throwiii^  bark 

till*  flap  to  a  rcrtftin  distaace  from  the  joint  ;  in  upJer  to  effect  thi*,  sup- 

ll;«p  tvhi'n  lulded  b;u'k,  miti'  re<|uirt'(l  fu  be  id  a  ccrt;dn  di^tani^r 

joint,  at  BA,  Fij?.  005,  divide  BAin  tWii  lnjti.iJ  |»iirtiia»  tlir  |>oisk 

ii  wiU  ffivr  *'         •  rrp  of  th<*  hiut'^t*.     The  riulre  of  the  hiwgo 

laced  a  si.  >  heyoud  the  Hiuface  «>f  the  clo«ur^,  other- 

oui  fall  \i.*:,\  .....  k  on  th^>  ih,,,>.   ^^r  ■...titHm      if  If"*. I  ^ki»l>e 

thut,  Ihc  centre  of  the  hi;  n*- 

wilt  ijot  upon  without  tin   ^  ;        » u- 

fonri. 

To  hftii^  two  flaps y  so  that  when  folded  back^  they  slmllhe 
Of  a  ren  (mvf  from  each  other, 

T\kW  ii  v,i^i:,r  .;vcympU»hcd  by  means  uf  hinge*  havinf  kaees  ]iroject- 
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ing  to  half  that  dittance,  as  appean  from  Fig:.  007:  this  B(«rt  uf  hinp  m 
uiied  in  han^ng'  the  doors  of  pews,  in  order  to  clear  the  moulding  of  the 
coping*.  Fig.  907,  No.  8,  shows  the  same  hinge  opened. 

2b  make  a  rule  Joint  for  a  witidowshntter,  or  other /Mr 
ingflap. 

Fig.  606,  No.  1.  Let  a  be  the  place  of  tiie  joint,  draw  c  c  at  rigktao- 
gles  to  the  flap,  shutter,  or  door,  take  e,  in  tlie  line  a  e,  for  the  ceotn  d 
the  hinge,  ana  the  plain  part  a  6,  as  may  be  thought  necessary ;  ore,  wMi 
a  radius,  c  b,  deseribe  the  arc  6  c/;  then  will  ab  d  be  the  true  Joioi. 
The  knuckle  of  the  hinge  is  always  placed  in  the  wood ;  because  the  fMher 
it  is  inserted,  the  more  of  the  ioint  will  be  covered  when  it  is  opened  to  a 
riffht  angle,  as  in  Fig.  606,  No.  8 ;  but  if  the  centre  of  the  hinfe  wim 
placed  the  least  without  the  thickness  of  the  wood,  it  would  show  aa  cpCB 
space,  which  would  be  a  blemish. 

To  form  the  Joints  ofatilesy  to  he  hung  together^  when  the 
knuckle  of  the  hinge  is  placed  oti  the  contrary  side  of  the 
rebate. 

Fig.  606.  Let  e  be  the  centre  of  the  hinc-e,  m  t  the  joint  on  tha  mm 
side,  c  b  the  depth  of  the  rebate  in  the  midd&  of  the  Uiickness  of  theitjleit 
perpendicular  to  t  m,  and  {  f  the  joint  on  the  other  side,  parallel  tot  as; 
bisect  I  /  at  k,  join  Ar  c,  on  k  c  describe  a  semicircle  e  ik,  cutting  Im  at  A, 
through  the  points  A  and  k  draw  hkg,  cutting//  at  g ;  then  mUfg,  k  wh 
be  the  true  joint. 

Fi^.  609  represents  the  common  method  of  hanging  shutters  together* 
the  hinge  being  let  the  whole  of  its  thickness  into  the  snutter,  and  not  into 
the  sasn-fhune.  By  this  mode  it  is  not  so  firmly  hung  as  when  half  of  St 
is  let  into  the  shutter,  and  half  into  the  sash-frame ;  but  the  lining  may  be 
made  thinner. 

It  may  here  be  proper  to  observe,  that  the  centre  of  the 
hinge  must  be  in  the  same  plane  with  the  face  of  the  shut- 
ter, or  beyond  it,  but  not  within  the  thickness. 

Hoiv  to  construct  a  Joint  for  hanging  doors  with  centres. 

Flfr.  614.  Let  a  d  be  the  thickness  of  the  dour,  bisect  it  in  b,  draw  bt 
perpendicular  to  a  b,  make  b  c  equal  to  b  a^  or  b  dt  or  c,the  centre  of  Uie 
hinge,  with  a  radius  c  a,  or  c  d,  describe  an  arc,  a  ed,  which  wiD  give 
the  joint  required. 

Another  plan  is  represented  in  Fig.  613.  Draw  a  b  parallel  to  the  jamb, 
meetingthe  other  side  in  6,  make  b  a  equal  to  b  a,  and  join  a  d  and  a  c,  bi« 
sect  a  c  by  a  perpendicular  ef,  meeting  a  d  in/,  then  /  is  the  centre  of 
the  hinge. 

Figs.  610,  611,  and  612,  exhibit  different  methods  of  hanging  llapt* 
&c.  These  are  so  very  simple,  that  by  a  little  attention  the  reader  wOl 
Tcadily  perceive  their  uses  and  manner  of  construction. 

We  shall  now  detail  the  construction  of  sash-frames, 
sashes,  and  shutters,  and  the  manner  of  putting  the  several 
parts  together. 

Fig.  615,  No.  1,  the  elevation  ;  No.  2,  the  plan ;  and  No.  8,  thf  smUob 
of  the  same ;  showing  the  manner  in  which  the  diffennt  parta  an  cm- 
cected. 
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Ko.  LA  Btck^^B  Flufth  ikirtin^,  gejparated  fron  the  back  by  AiiaIi 
reed&.  and  ftbuwiog^  the  Hame  depth  of  puDth  as  the  blocks  of  the  piJat- 
len.— C  C  Blocks  or  plinths  to  pilaster*.— D  D  PiiaAt«rs.—E  E  Patterai. 
— ^  d  «a  linide  beta  of  sftsh-frume. — b  b  b  rounded  cd^  of  boxiDg'-ctlfe. 

Ko.  9.  Plan  of  aaak-frwiie,  thutten,  pUasSen,  and  t£e  different  putt 
vt  explained  to  the  fifitres. 

No.  ^.  a  tluckncsii  i^i  the  pilaster  or  architrave ;  h  the  r>unded  ed^e  of 
the  boxiug^-stUe ;  c  the  breadth  of  the  ghutter  ;  d  bead  of  the  (aib.rra^me ; 
e  ander  tash  ;  f  tup  ditto ;  g  partinjr  bead :  A  outside  lining  and  bead. 
i  lk»  bfeadth  of  the  rereal  or  outer  biM-wtiHc ;  k  k  liutelt  made  of  xtrong- 
relJow  demi  or  oAk  ;  l  the  head  of  the  ^>uQd ;  m  the  arrliitrare  or  pUaaler 
muA  MiHin  the  frounde ;  n  tbe  soffit,  toa|^ed  into  the  U*^  of  the  satb- 
(iraioe-nead  ;  and,  on  the  other  ed^e,  into  the  head  of  the  anhitraTe  m  ; 
0  fhe  iA«h«franic  head  ;  p  the  elbow ;  9  catppni|^  f  r  sash-frame  clll ;  s  &aitk* 
eSa ;  I  ttoiie-rilJ, 

The  face  of  the  piille}'-stUe  of  every  sasK-fimme  ought  to 
project  about  three-eighths  of  an  inch  beyond  the  eA^  of 
the  brick- work;  that  is,  the  distance  between  the  face  of  each 
ptiUcy- stile  ought  to  be  less  by  three  quarters  of  an  irch 
than  in  the  clear  of  the  reveals  on  the  oatsidc  ;  so  that  the 
face  of  the  shatters  ought  to  be  in  the  same  plane  with  the 
stone  or  brick-work  on  the  outside. 

F%.  tf  15  slioirs  a  plan  of  a  kaah-frame  and  shatter  on  the  tame  pnnci* 
pit  li  thi-  fore^oin^,  and  which  may  be  applied  to  a  similar  window. 

A*  tke  tUictmeta'of  ihe  wall  is  here  conceived  tu  be  less  than  in  the  fore- 
fvtBf^  exauiple.  another  bark-flap  i&  introduced: — n  the  otit^de  lininr  ; 
i  |Im»  p»lle}'*stUe ;  c  the  inside  lininf  ;  d  the  back  litiinf ;  e/the  weights ; 
r  fuutine  slip  of  wei^hU  ;  A  parting  bead  tu  j;ashes ;  1  inskie  bead ;  k 

"■  Caisif  of  boxinf  ;  /  ground,  «r  Ooxln^-stile,  grooved  to  receive  the 
Vtef ;  at  front  shutter  hun;^  to  the  inside  lining,  e,  of  the  sash- 
I Ivjr  the  hljure  n;  o p  back  flaps  hinged  to^bcr  at  f,  ud  to  the 
shatter  at  r;  s  architrave  or  pilaster. 

¥ktg.  617.  Is  a  vcrticaJ  scetian  of  the  cill,  Uc  of  the  same  sasb-fraine ; 
a  b<i6uBi  rail  of  laah ;  b  cill  of  tlie  4a&b*frame ;  c  back  of  rec^s  of  win- 
d«ir  •  dcaplng  bead«  or  capping  let  into  the  sash-frame  cill:  e  inside 
htmik  tovgnicd  on  the  top  of  the  cill ;  A  oiittlde  tinkig  ; /space  for  the  to^ 
0S<li  to  rsn  to  ;  g  partiog  bead. 

STAIRS. 

Thb  IS  one  of  the  most  important  subjects  connect* 
ed  with  a  jouier*s  art,  and  should  be  attentively  consi- 
dered^ not  only  with  regard  to  the  situation^  but  as  to  the 
detigo  ftod  execution.  The  convenience  of  the  bailding 
depends  on  the  liituation  ;  and  the  eiegauce,  on  the  design 
aJid  escectttion  of  the  workmanship.  In  contriving  a  grand 
edifice,  particnlar  attention  must  be  paid  to  the  situation  of 
the  space  occupied  by  the  stairs^  so  as  to  give  them  tbe 
mo$l  easy  command  of  the  rooms. 

With  regard  to  the  lighting  of  a  good  staircase,  a  Af^ 
^^tf  or  rather  lantern^  is  the  most  appropriate }  for  thtt9 
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tinlie  cleprance  \nth  utility,  that  is,  ^ 
with  elegance  in  tbc  design  ;  indcLu,  ;,. 
does  not  adjoin  tbc  exterior  wails,  this  is  tbc  oni 
can  be  admitted.     Where  the  height  of  ii  irtory 
ublcj  resting  places  are  neccsnary,  which  go  uud 
of  t/uarter-pacex,  and  hftl'-  ■■•'  ' i !ig as  the 

has  to  pass  one  or  two  \  hat  bj  as 

describe  a  quadrant  or  sent  in  very  hifh 

which  admit  of  surticient  hu^  i  :^   :ii,  and  whi-w*  i 
allowed  for  the  staircase  is  confined,  tJic  i 

have  two  revolutions  in  the  height  of  one  ^ 
lessen  the  height  of  the  steps  j  but  in  ^r  i  i 
one  revolution  can  be  admitted,  the  kr  t 

the  space  on  the   plan  being  always   pr  i 

height  of  the  building,  so  as  to  adroit  of  fijtcd  |irupt 

The  breadth  of  the  steps  ought  never  tu  be  iJiL*re 
inches,  or  less  than  nine  ;  the  height  n* 
or  less  than  five:  there  are  cases,  however 
ccptions  to  all  rule.     \Mien  the  height  of  the  s 
in  feet,  and  the  height  of  the  step  in  if 
the  feet  into  inches,  and  divide  it  by 
the  step  is  high,  aud  the  quotient  will  gi%ij 
steps. 

It  is  a  general  maxim,  that  the  greutcr  bread 
requires  less  height  than  one  of  less  brcadtji  : 
of  12  inches  in  breadth  will  require  a  rise  of  5^  iochei 
may  be  taken  a:i  a  standard,  to  regulate  tho^e  of  ot 
racnsions. 

Though  it  is  desirable  to  have  ^  a 

the  arrangement  of  a  design,  yet  uf 

vary  them  as  circumstances  may  require,     biairi*  M 
structcd  variouHly,  according  to  the  situatioa 
tion  of  the  building. 

Geometrical   stairs  are  those  which   rr-   -■ 
having  one  end  fixed  in  the  wall,  and  e\ 
tent  having  an  ;  ^  a  jiu 

low  it,  and  tho  r. 

Brocket- s  those  wliich   liuv    i" 

with  strings    .   :       \^'els,  and  are  suppurr: 
carriages  j  Ihc  brackets  are  mitred  to  the 
mid  are  fixed  to  the  string- board,  which  i 
•like  an  architrave. 

Dog-legged  stairs  are  those  whicli  ^ 
well-hole,  and  have  the  rail  and  buhi 
^e««»i\'e  and  returning  flights  laLliug  iu  the  %aTtkc 
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leSy  the  steps  being  fixed  to  strings^  ne^rels,  and  car- 
ies, a«d  the  eoda  of  the  steps  of  the  inferior  kind  termi- 
only  upon  the  side  of  the  stnng,  without  any  hout>ing. 
taking  dimensions  and  lading  down  the  plan  and  section 
stair-caHei>,  take  a  rod,  and^  having  ajscertalned  the  uum- 
of  Btepsy  mark  the  height  of  the  story,  by  standing  the 
on  the  lower  floor  :  divide  the  rod  into  as  many  equal 
VLB  there  are  to  be  risers,  then,  if  you  have  a  level  sur* 
ta  work  upon  below  the  stair,  try  each  of  the  risers 
go  on,  and  this  will  prevent  any  excess  or  defect ;  for 
ror,  however  small,  when  multiplied,  becomes  of  con« 
dc  magnitude,  and  even  the  ditferencc  of  an  inch  la 
riser,  will  not  only  have  a  bad  effect  to  the  eye,  but 
be  apt  to  confuse  {>crsons  not  thinking  of  any  such  ir- 
•ity.     In  order  to  try  the  steps  properly  by  the  story 
I,  if  you  have  not  a  level  surface  to  work  from',  the  better 
will  be,  to  lay  two  rods  on  boards,  and  level  their  top 
face  to  that  of  the  floor  :  place  one  of  these  rods  a  little 
[in  the  string,  and  the  other  near  or  close  to  the  wall,  so 
to  be  at  right  angles  to  the  starting  line  of  the  first  riser, 
which  is  the  same  thing,  parallel  to  the  plan  of  the  string ; 
off  the  breadth  of  the  steps  upon  these  rods,  and  num- 
the  risers ;  you  may  set  not  only  the  breadth  of  the 
but  that  of  the  winders  also.     In  order  to  try  the 
^rod  exactly  to  its  vertical  situation,  mark  the  same 
ices  of  the  risers  upon  the  top  edges,  as  the  distances  of 
l&n  of  string-board,  and  the  rods  are  from  each  other, 
ibracket-stairs,  as  the  internal  angle  of  the  steps  is  open 
end,  and  not  closed  by  the  string  as  in  common  dog- 
stairs,  and  the  neatness  of  workmanship  is  as  much 
n^^cd  as  in  geometncal  stairs,    the  balusters  must   be 
neatly  dove-tailed  into  the  cuds  of  the  steps,  two  in  every 
step.     The  face  of  each  front  baluster  must  be  in  a  straight 
snrfiAce  with  the  face  of  the  riser^  and,  as  all  the  balusters 
jKiiist  be  equally  divided,  the  face  of  the  middle  baluster 
Ku»t  stand  in  the  middle  of  the  face  of  the  riser  of  the  pre- 
Beding  step  and  succeed mg  one.      The  risers  and  heads  are 
■U  previously  blocked  and  glued  together,  and  when  put  up, 
Ibe  under  side  of  the  step  nailed  or  screwed  into  the  under 
adige  of  the  riser,  and  then  rough  brackets  to  the  rough 
"trings,   as   in  dog-legged  stairs,  the   pitching  pieces   and 
strings  being  similar.     In  glueing  up  the  steps,  the 
(t  method  is  to  make  a  templet,  so  as  to  fit  the  external 
rle  of  the  steps  ivith  -the  nosing. 
..  2o2 
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The  steps  of  geometrical  stairs  ought  to  be  constructed 
as  to  have  a  very  light  and  clean  appearance  when  put 
for  thji*  purpose,  and  to  aid  the  principle  of  strength, 
risers  and  treads,  when  planed  up,  ought  not  to  be  less 
one  eighth  of  an  inch,   fiupposing   the  going  of  the    s 
or  length  of  the  step,  to  be  four  feet,  and  for  every  six  inc 
in  length,  another  one-eighth  may  be  added.    The  risers 
ought  to  be  dove-taited  into  the  cover,  and  when  the  steps 
arc  put   up,  the   treads  are  screwed  up  from  below  to  the 
tinder  edge  of  the  risers.    The  holes  for  sinking  the  heads  of 
the  screws  ought  to  be  bored  with  a  centre- bit,  then  fitted 
closely  in  with  wood,  well  matched,  so  as  entirely  to  con- 
ceal the  screws,  and  appear  as  one  uniform  surface.  Brack* 
cts  aix;  mitred   to  the  riser,  and  the  nosings  are  contin 
round.     In  this  mode,  however,  there  is  an  apparent 
'feet  J  for  the  brackets  instead  of  giving  support,  are  them- 
Belves  unsupported,  and  dependent  on  the  steps,  being  of  uo 
other  use,  in  point  of  strength,  than  merely  tying  the  risers 
and  treads  of  the  internal  angles  of  the  steps  together :  and, 
from  the  internal  angles  being  hollow,  or  a  re-entrant  angle, 
except  at  the  ends,  which  terminate  by  the  wall  at  one  ext 
mity,  and  by  the  brackets  at  the  other,  there  is  a  want 

;gular  finish.     The  cavetto,  or  hollow,  is  carried  round  the 
^front  of  the  riser,  and  is  returned  at  the  end,  and   mil 
[touud  the  bracket,  and  if  an  open  string,  that  is,  the  und 
iide  of  the  stairs  open  to  view,  the  hollow  is  continued  alon 
le  angle  of  step  and  riser. 

The  best  plmi,  however,  of  constructing  geometrical  staii-^H 
,  to  put  up  the  string*,  and  to  mitre  the  brackets  to  th|H 
[fisers,  an  usual^  and  enclose  the  sollit  with  lath  and  plaster, 
^hich  will  form  an  inclined  plane  under  each  flight,  and  a 
[>ivinding  surface  under  the  winders.     In  superior  staircases, 
for  the  best  building.s,  the  soflit  maybe  divided  into  paneh 
If  the  risers  are  made  from  two  inch  planks,  it  will   greatJ] 
add  to  the  solidity.    The  method  of  drawing  and  executii 
the  scroll,  and  other  wreath  parts  of  the  hand-rail,  will 
giifen  in  a  subsequent  part  of  this  article. 

In  constructing  a  fliglit  of  geometrical  stairs,  where  tl 
soffit  is  inclosed  as  above,  the  bearei*s  should  all  be  frame 
together,  so  that  when  put  up,  they  will  form   a  pcrfe( 
staircase.     Each  piece  of  frame-work,  which  forms  a  riserj 
should,  in  the  partition,  be  well  wedged  at  the  ends.     nU 
plan  is  always  advisable  when  strength  and  firmness  are  re- 
(jui^Ue,  as  the  steps  and  risers  are  entirely  dependent  on  the 
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framed  carriages,  which,  if  caiefuUy  put  together,  will  never 
yield  to  the  greatest  weight. 

Fig.  619  will  show  th«  section  of  this  framing  iirmly  put  to|^ther»  and 
wedi^eil  iuto  the  partition,  as  above  described. 

In  preparing  the  string  for  the  wreath  part,  a  cylinder 
should  be  made  of  the  size  of  the  well-hole  of  the  stair- 
case, whicii  can  be  done  at  a  trifling  expense  ;  then  set  the 
last  tread  and  riser  of  the  flyers  on  one  side^  and  the  first 
tread  and  riser  of  the  returning  flight  on  the  opposite  side, 
at  their  respective  heights  ;  then  on  the  centre  of  the  cuiTed 
mrfttce  of  this  cylinder,  mark  the  middle  between  the  two, 
and  %vith  a  thin  slip  of  wood,  In^nt  round  with  the  ruling 
edge,  cutting  the  two  nosings  of  these  flyers  and  passing 
through  the  intermediate  lieight  murked  on  the  cylinder, 
draw  a  line,  whicli  will  give  the  wreath  line  formed  by 
the  nosings  of  the  winders ;  then  draw  the  whole  of 
the  winders  on  this  line,  by  dividing  it  into  as  many  parts 
as  you  want  risers,  and  each  point  of  division  is  the  nosing 
of  such  winder.  Having  thus  far  proceeded,  and  carefully 
examined  your  heights  and  widths,  so  that  no  error  may 
have  occurred,  prepare  a  veneer  of  the  width  intended 
for  your  string,  and  the  length  given  by  the  cylinder,  and 
after  laying  it  in  its  place  on  the  cylinder,  proceed  to  glue  a 
number  of  blocks  about  an  inch  wide  on  the  back  of  the 
veneer,  with  their  fibres  parallel  to  the  axis  of  the  cylinder. 
When  dry,  this  will  form  the  string  for  the  wreath  part  of 
the  staircase,  to  be  framed  into  the  straight  strings.  It  is 
here  nece8sai7  to  observe,  that  about  five  or  six  inches;  of 
the  straight  string  should  be  in  the  same  piece  as  the  circu* 
lar,  so  that  the  joints  fall  about  the  middle  of  tlic  first  and 
last  flyers.  This  precaution  always  avoids  a  cripple,  to 
which  the  work  would  otherwise  be  subject. 

Fir.  618,  No.  1,  is  »  pliin  of  a  dog^-legged  staircase,  a  the  icaia  of  the 
D«w«1i»  c  the  seat  of  the  upper  newel. 

No,  8,-The  plevsition  of  the  i^ame. 

AB.  The  newels ;  the  part  AC  bein^ turned.— DE  the  upper  newel. — 
FO  the  carriiijj^e  piece. — HI  upper  string  board  frajiicd  into  the  newel, — 
K  a  joi*it  fraTHcd  into  the  trimmer. 

To  desrribe  the  ramps  ;  produce  flic  horizontal  part  of  the  knee  to  L, 
mud  ftlno  the  under  side  of  the  rail  until  it  meets  the  face  uf  the  first  baliii- 
tcT,  At  c,  make  c  d  equal  to  c  0,  and  upon  A  fh  and  from  the  pitint  f/,  draw 
tbeperpendicular  d  L,  and  L  ib  the  centre  for ileHcribinET  *hc  rajops  dX>. 

Tihu  storj-rod  a  i  i^  a  very  necessary  article  in  fixiiiij  (he  steps  ;  f«r»  if 
ft  eommon  rule  be  used  for  this  pur.poset  the  workmen  will  be  very  Uahte 
to  err  and  render  the  ataira  extremely  faulty,  which  cnnnot  take  ])la<:e  if  the 
atorf*rod  be  applied  to  svery  riser/aiid  the  fueceasivc  risers  be  regulated 
hj  it. 
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In  the  ooDBtruction  of  dog-legged  staircases,  the  finl 
thing  is,  to  take  the  dimensions  of  the  stair,  and  the  heigk 
of  the  story,  and  lay  down  a  plan  and  section  upon  a  floor 
to  the  full  size,  representing  m1  the  newels  and  steps ;  then 
the  situation  of  the  carriages,  pitching  pieces,  long  and  crass 
b^irers,  as  also  the  string  boards ;  the  strings,  nuls,  and 
newds,  being  framed  together,  must  be  fixed  with  temporary 
supports.  The  string-board  mil  show  the  situation  of  the 
pitcnine-'pieces,  which  must  be  put  up  in  order,  wedging 
one  ena  nrmly  into  the  wall,  and  fixing  the  other  to  the 
string-board  $  this  being  done,  pitch  up  the  rough  strino, 
and  finish  the  carriage  part  of  the  flyers.  Having  procee&i 
thus  far,  the  steps  are  next  applied,  beginning  at  the  bot* 
torn  and  working  upwards,  the  risers  being  all  firmly  nailed 
into  the  treads. 

In  the  best  kind  of  dog-legged  stairs,  the  nosings  are  re- 
turned ;  sometimes  the  risers  are  mitred  to  the  brackets^  and 
sometimes  mitred  with  quaker  strings.  In  the  latter  case  a 
hollow  is  mitred  round  the  internal  angle  of  the  wider  side 
of  the  tread,  and  the  face  of  the  riser.  Sometimes  the 
string  is  framed  into  the  newel,  and  notched  to  receive  the 
ends  of  the  steps ;  the  other  end  having  a  corresponding 
potch-board,  and  the  whole  flight  being  put  up  like  a  step* 
ladder. 

Fig.  619,  No.  1  and  2,  is  a  plan  and  elevation  of  a  f^eometrical  stair- 
/case.  The  lower  part.  No.  2,  shows  the  section  of  the  steps  and  car- 
riaireB»  which  are  framed  tocrether  as  directed  in  a  former  nart  of  this 
awtacle.  '  ^ 

The  methods  of  finding  the  different  moulds  necessary  in 
the  formation  of  the  wreath  part  of  the  hand-rail^  will  be 
found  in  the  next  plate. 

To  draw  the  scroll  oj  a  hand-rail, 

Pifif.  S20.  First  make  a  circle  3i  inches  in  diameter,  divide  the  diameter 
into  uiree  equal  parts,  make  a  square  in  the  centre  of  the  circle  equal  to 
one  of  those  parts,  and  divide  each  side  of  the  square  into  six  equal  parts. 

Fig,  4t,  shows  this  square  on  a  lar^r  Kc^le,  and  laid  in  the  same  positiim 
as  the  little  square  above,  with  the  different  centres  marked.  The  centre 
at  I  draws  from  atoh,  the  centre  at  2  from  b  to  e,  and  the  centre  at  H 
from  e  to  d,  &c.  which  will  complete  the  outside  revolution  at  A :  set  the 
thickness  of  the  rail  from  cf  and  to  jr,  drav  the  inside  the  reverse  way, 
and  the  scroll  will  be  completed. 

To  draw  the  curtail-steps. 

Set  the  balusters  in  their  proper  places  on  each  quarter  of  the  scroll, 
Fig-.  8,  the  Arst  baluster  showing-  the  return  of  the  nosin?  round  the 
9tep,  the  second  placed  at  the  bc<rinningf  of  the  twist,  ana  the  third  a 
quarter  ^distant,  andstraigffat  with  the  front  of  the  last  riser ;  then  set  the 
projection  of  the  noting  without,  and  draw  it  round  equallj  ^rtsnf  from 
|he  scroll,  which  will  give  the  form  of  the  curtail. 
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Afi  the  method  of  ^retting  a  scroll  out  of  a  solid  pk^  of 
wood,  having  the  j^in  of  the  wood  to  run  in  the  saai« 
direction  with  the  rail,  is  far  preferable  to  any  other  method 
with  joiuta,  being  much  stronger  and  more  beautiful  than 
■tby  other  scroll  with  oueor  two  joints,  we  shall  here  give  the 
"method  of  findiijg  a  face-mouid  to  apply  on  the  face  of  the 
plaiik. 

Pt»cc  ygur  pitch  board  I  mn  with  wi  n  ^msxaz  throug^h  the  eye  of  tbo 
tfTolJ,  theu  draw  iinllnatj?fi  across  the  scroll  at  discretion,  and  take  tlie 
Jengib  of  the  line  o  ii,  with  its divisionf*,  and  lav  it  on  o  n, atFi^.  6^1,  then 
the  ordinatf  beings  drawn,  take  the  different  diMtam»c8  2  ^,  3  £,  4  p»  &c, 
twl  trmnsfer  them  tiiil^,^  s,  4  o,  &c.  and  the  rest  uf  the  points  being  takrn 
ia  Ibe  same  manner,  »  curve  may  be  traced  vhich  will  be  the  facc-moiUil 
nquired* 

To  find  the  parallel  thickness  of  the  plank, 
p^y  nsf^)    i^pt  I mn  be  the  pitch  board,  and  let  the  level  of  Ihc  scroll 
ri^'  I.  that  iiii  divide  /  m  iutu  aU  equal  parts,  and  tlie  bottom 

div!  lie  top  uf  the  level  of  tlie  BcruU:  from  the  end  of  ihe  pitch 

buard,  lelpn  f»tn  o,  half  the  thlrlvnesHuf  abafuster,  to  the  tnaide  ;  then  set, 
fifoni  o  to  p,  half  the  width  of  the  rail,  and  draw  the  forni  of  the  rail  on 
the  end  at  n,  the  point  t*  beiii<7  where  the  front  of  the  riner  cornea,  tho 
point  p  will  be  the  pn»jcction  of  the  rail  before  it :  draw  a  dotted  line  tu 
ti>iu:h  the  nose  of  the  ik;roIl,  parallel  with  t  ft,  then  the  distance  bctweou 
thi*  (Jotted  line  and  the  under  tip  of  the  acroH.  will  ihow  the  exact  thick- 
ness of  plankine; ;  but  there  is  no  occa^sjon  for  the  thickneas  to  eonte  tiuitc 
to  the  under  KiJe,  for  if  it  come  to  the  under  side  of  the  hollow  it  will  be 
•liftcient,  an  a  littte  bit  glued  under  the  hollow  could  not  be  db^cernibJe, 
aod  can  be  no  hurt  to  the  DcroU.  In  ordinary  cases,  where  the  tread  iti 
abdut  1 1  inches,  and  rise  Q{,  a  icrotl  can  be  got  out  of  a  piece,  about  4| 
inches  thick. 

To  describe  a  section  of  a  hand-rail^  supposing  if  to  be  two 
inches  deepy  and  two  and  a  quarter  inches  hroady  the  icsuat 
dimetisiotis, 

Pt|r.  62i,  Let  ABCD  be  a  section  of  the  rail,  aa  squared ;  on  AB  de- 
scribe tin  equilateral  triangle  AB  a  ;  from  a,  as  a  centre,  describe  an  arc 
to  t4»iich  AB.  and  to  meet  a  A  and  a  B ;  take  the  distance  between  the 
point  of  section  in  a  A  und  the  point  A.  and  transfer  it  fiom  the  uoint  o. 
nectioti  to  k,  upon  the  same  line  a  A,  join  D^ ;  from  k^  with  the  diMtance 
between  k  and  the  end  of  the  arc,  describe  another  arc,  to  oieetD/f ;  with 
the  same  distance  describe  a  third  arc,  of  contrary  curvature,  and  draw  a 
Terticiil  line  to  touch  it ;  which  will  form  one  sine  of  the  section  of  the 
rail,  and  the  counter  part  may  be  fonued  by  a  similar  operation. 

The  branch  of  Joinery  that  falls  under  our  next  and  last 
consideration  is  that  of  hand-  railing ;  which  calls  into  acdon 
all  the  ingenuity  and  skill  of  the  workman.  Thb  art  con- 
sista  in  constructing  hand-rails  by  moulds,  according  to  the 
geometrical  principles,  that  if  a  cylinder  be  cut  in  any  di- 
»*ection,  except  parallel  to  the  axis,  or  base,  the  section  will 
be  an  ellipsis  ;  if  cut  parallel  to  the  axis,  a  rectangle  j  aud  if 
"  ;i  to  the  base,  a  circle.  *^ 
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Now,  suppose  a  hollow  cylinder  be  made  to  the  size  of  the 
well-hole  of  the  stair-case,  the  interior  concave,  aad  the  ex- 
terior convex ;  and  the  cylinder  be  cut  by  any  inclined  or^ 
oblique  plane,  the  section  formed  will  be  boundetl  by  twd 
concentric  similar  ellipses ;  consequently,  the  section  will 
be  at  its  greatest  breadth  at  each  extremity  of  the  larger' 
axis,  and  its  least  breadth  at  each  extremity  of  the  smalh 
axis.    Therefore,  in  any  quarter  of  the  ellipsis  there  will  bel 
a  continued  increase  of  breadth  from  the  extremity  of  the- 
lesser  axis  to  that  of  the  greater.     Now  it  is  evident  that 
cylinder  can  be  cut  by  a  plane  through  any  three  points 
therefore,  supposing  we  have  the  height  of  the  rail  at  an^ 
three  points  in  t!ic  cylinder,  and  that  we  cut  the  cylind* 
through  these  points,  the  section  will  be  a  figure  equal  ai 
■imiiar  to  the  face-mould  of  the  rail ;  and  if  the  cylinder 
cut  by  another  plane  parallel  to  the  section,  at  such  a  dis-*1 
tancc  fron>  it  as  to  contain  the  thickness  of  the  rail,  this 
portion  of  the  cylinder  will  represent  a  part  of  the  rail  with 
Its  vertical  surfaces  already  worked  t  ana,  again,  if  the  back 
and  lower  surface  of  this  cylindric  portion  be  squared  t< 
vertical  lines,  either  ou  the  convex  or  concave  side,  througl 
two  certain  parallel  lilies  drawn  by  a  thin  piece  of  woof 
which  is  bent  on  that  side,  the  portion  of  the  cylindrr  thui 
formed;  wjU  represent  the  part  of  the  rail  intended  to  be 
made.  ^_ 

Though  the  foregoing  only  relates  to  cylindrical  well-^fl 
holes,  it  is  equally  applicable  tn  rails  erected  on  any  seal 
whatever. 

The  face-mould  applies  to  the  two  faces  of  the  plank,  and^ 
is  regulated  by  a  line  drawn  on  its  edge,  which  line  is  ver^^H 
ticaj  when  the  plank  is  elevated  to  its  intended  position. 
This  is  also  called  the  raking-mould* 

The  falling- mould f  is  a  parallel  piece  of  thin  wood  ap- 
plied and  bent  to  the  side  of  the  rail-piece,  for  the  purposi 
of  drawing  the  back  a!id  lower  surface,  which  shtmld  be  si 
formed,  tliat  every  level  straight  line,  directed  to  the  axis 
the  well-hole,  from  every  point  of  the  side  of  the  rail  formei 
by  the  edges  of  the  falling  mould,  coincide  with  the  surfacci 

In  order  to  cut  the  portion  of  rail  required,  out  of  the  leas 
possible  thickness  of  stuff,  the  plank  is  so  turned  up  on  one 
of  its  angles,  that  the  upper  surface  is  no  where  at  right 
angles  to  a  vertical  plane  passing  through  the  chord  of  the 
plane  j  the  plank  in  this  position  is  said  to  be  sprtmg  « 

The  pitch- boards  is  aright-angled  triangular  board  mad€i^ 
U>  the  nse^'mxsd  rrrad  of  the  step,  one  side  fornung  the  right 


i 
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angle  of  the  width  of  the  tread,  and  the  other  of  the  height 
of  the  riser.  When  there  are  both  winders  and  flyers,  two 
pitch-  boards  must  be  made  to  their  respective  treads,  but, 
of  course,  of  the  same  heie^ht,  as  all  the  steps  rise  thesanie. 

The  bevel  by  which  the  edge  of  the  plank  is  reduced 
from  the  right  angle  when  the  plank  is  sprung,  is  termed 
the  spHfig  of  (he  plank,  and  the  edge  thus  bevcUed  b  called 
the  sprmi^:(  edge. 

The  bevel  by  which  the  face  mould  is  regulated  to  each 
side  of  the  plank,  is  called  the  pitch. 

Tlie  formation  of  the  upper  and  lower  surfaces  of  a  rail  is 
called  the  fdilhig  of  the  rail ;  the  upper  surface  of  the  rail 
is  termed  the  hack. 

In  the  construction  of  hand-rails,  it  is  necessary  to  spring 
the  plank,  and  then  to  cut  away  the  superfluous  wood,  as 
directed  by  the  draughts,  formed  by  the  face-mould  j  which 
may  be  done  by  an  experienced  workman,  so  exactly,  with 
a  saw,  as  to  require  no  further  reduction  ;  and  when  set  in 
its  place,  the  surface  on  both  sides  will  be  vertical  in  all 
parts,  and  in  a  surface  perpendicular  to  the  plan.  In  order 
iti  form  the  back  and  lower  surlacc,  the  falling?  mould  is  ap- 
plied to  one  side,  generally  the  convex,  in  »uch  a  manner, 
that  the  upper  edge  of  the  fallint^  nmuld  at  one  end,  coin- 
cides with  the  face  of  the  plank  ;  and  the  same  in  the 
middle,  and  leaves  so  much  wood  to  be  taken  away  at  the 
other  end  as  will  not  reduce  the  plank  on  the  concave  side  ; 
— the  piece  of  wood  to  be  thus  formed  into  the  wreath  or 
twiat  being  agreeable  to  their  given  heights* 

In  the  following  figures,  we  have  given  the  method  o. 
finding  the  moulds  necessary  for  constructing  a  hand-rail  on 
a  circular  plan. 

FijET.  <J83,  h  the  plan,  showiiig'  pnrt  of  the  wliiden.  which  in  this  case 
»rf  dj^ht*  as  alsu  the  neat  of  the  joint. 

Fig.  624,  Let  AAA,  &c.  be  the  nut^ide,  and  a  a  n*  &c.  the  ini*ifle  of  the 
plan,  BCD  n  liue  pa-sbin^  llirouj^h  ihe  middle  of  the  breadth,  BV  bem^ 
fhrai^ht,  and  CD  one- fourth  af  the  circumftircote  of  the  circie,  the  point 
K  in  the  middle  uf  the  arc  CD,  B  at  one  extretnity  of  the  line  BCED* 
pnd  D  «t  the  other. 

Divide  the  quadrant  CO  into  any  number  of  cquid  part»t,  which  in  thiti 
f xatnpltf  are  f*nir.  Draw  the  Rtralsfht  line  MN,  and  make  MX  equal  to 
tite  dcveloi>etncnt  of  the  quadrant  AAA,  &c.  on  the  convex  &ide»  Draw 
>I0  pernendiculur  to  SIN,  and  make  MO  equal  to  the  heig-ht  of  a  step; 
draw  Ok  parallel  to  MN,  and  make  OP  equal  in  length  tn  the  width  m  a 
step,  and  join  FM. 

Draw  N  s  perpendicular  to  MN.  In  N  *  make  N  o  equal  to  the  hcig^lit 
of  four  of  the  winder9»  and  join  o  M  *  curve  off  the  an^le  at  M*  in  the 
manner  shown  bcloiFt  by  intersection  of  lines:  Thruiic^ho  drawer  j^  per* 
.Deudicular  to  M0,  make  0  x  and  oy  each  equal  to  half  the  width  of  thfl 
uQjng  moiildi  and  draw  the  upper  and  lotrer  cdg^ea  of  the  mould. 
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Join  DE.  Fig.  684k  and  produce  D£  to  F.    Draw  DG  and  EL.  Ifakt 

DO  equal  to  one-fourth  (or  any  part  of)  the  height  from  N  to  the  upper 
edge  of  the  falling  mould.  Fig.  625,  and  EL  eaual  to  one-fourth,  or  the 
game  part,  of  the  nei^t  fi^om  Q  to  the  upper  eage  of  the  falUnjr  moidd. 
Join  GL  ud  produee  it  to  meet  DE  in  F,  jmn  the  dotted  Hue  BF.  Draw 
IK,  through  tne  centre  F,  perpendicular  to  BF.  Draw  ah,mb,  9tc.  nieet- 
Ing  IK.  At  any  convenient  distance  from  KI  draw  c  d  parallel  to  IK. 
Make  the  perpendicular  of  the  face-mould  equal  to  its  eorretponding 
height  on  tne  falling  mould,  and  draw  the  »tmight  line  c  e ;  then  draw 
orrnnates  A  6,  A  6,  &c.  continue  them  until  they  meet  e  e,  and  from  the 
point!  of  intersection  draw  perpendiculars  to  e  e,  and  set  off  the  diatances 
as  shown  by  corresponding  letters.  Then  by  tracing  a  curve  through 
these  points  the  face  mould  will  be  completed. 

The  top  line  rrr,  &c.  is  left  on  the  falling  mould,  to  regulate  iti  posi- 
tion when  bent  upon  the  convex  surface,  as  the  line  rrr,  and  will  fall  into 
the  plane  surface  of  the  top  of  the  plank.  This  line  is  obtained  by  maldng 
the  perpendiculars  /r,  S  r,  /r,  &c.  equal  to  the  corresponding  perpen* 
diculars/6,/6,  &c.  Fig.  6M.  To  find  the  face-mould  of  a  staurcase,  so 
that  when  set  to  its  proper  rake  it  will  be  perpendicular  to  the  plan  whirtm 
on  it  stands  for  a  level  landing. 

Fig.  688.  Draw  the  central  line,  a  6,  parallel  to  the  aides  of  the  lail^ 
on  the  right  line  a  k  apply  the  pitch-board  of  a  flyer,  from  &  to  e  drav 
ordinates  nm,op,  qr,  tt,  uv,a.t  discretion,  obserring  to  draw  one  from 
the  point  r,  so  tiiat  you  may  obtain  the  same  point  exactly  in  the  fiice- 
mould  ;  then  take  the  parts  which  the  ordinates  give  on  the  line  a  6,  and 
apply  them  at  Fig.  627,  and  take  the  distances  mn^p  o^  &c.  and  transfer 
them  to  Fig.  687,  and  a  curve  through  these  points  will  be  the  foee-mould 
required. 

To  find  the  falling  mould. 

Fig.  626.  Divide  the  radius  of  the  circle  into  four  equal  parts,  and  set 
three  of  these  parts  from  4  to  a;  through  x y,  the  extremities  of  the 
diameter  of  the  rail,  draw  a  x  and  a  y,  producing  them  till  they  touch 
the  tangent  AB  ;  then  will  AB  be  the  circumference  of  the  semicircle 
jr  6  y,  which  is  ap])lied  from  A  to  B,  Fig.  G2S,  as  a  base  line.  Make  A  a 
the  height  of  a  step ;  draw  the  hypotenuse  a  B,  apply  tlie  pitch  board 
of  a  flyer  at  a  6  c,  and  Bd  e^  then  curve  off  the  angle  bv  intersection  of 
lines,  and  draw  a  line  parallel  to  it,  for  the  upper  edge  of  the  mould. 


MEASURES    CUSTOMARY   IN    JOINERS*    WORK. 

Prepared  boarding  is  measured  by  the  foot  superficial ; 
the  following  being  the  diflferent  distinctions  : — edges  shot ; 
edge  shot,  ploughed,  and  tongued ;  wrought  on  one  side, 
and  edges  shot ;  wrought  on  both  sides,  and  edges  shot ; 
wrought  on  both  sides,  ploughed,  and  tongued ;  boards 
keyed  and  clamped,  mortisc-clampcd,  and  mortise  and 
mitre-clamped.  The  prices  are  regulated  according  to  the 
thickness.  If  the  boards  be  glued,  an  additional  price  per 
foot  is  allowed ;  if  tongued,  still  more,  according  to  the 
description  of  tongue.  In  boarded  flooring,  the  dimensions 
arc  taken  to  the  es^treme  parts,  from  which  the  squares  are 
to  be  gomputed.     Deductions  for  chimneys,  stair-cases 
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he,  are  taken  from  this.  Tlie  price  depends  on  the  suf* 
face,  whether  wrought  or  plain,  the  manner  of  the  longi- 
tudinal and  heading-joints,  the  thickness  of  stuff,  whether 
the  boards  be  laid  one  after  the  othcFj  or  folded,  or  whether 
the  floor  be  laid  with  boards,  battens,  or  waimscot.^ 

Skirting,  when  wide,  is  also  measured  by  the  foot  super-* 
ficial  ;  the  price  depending  upon  the  position,  whether  level, 
raking,  or  ramping,  or  upon  the  mauncr  of  finishing,  whe- 
ther plain,  torus,  or  rebated,  or  scribed  to  the  floor,  or  to  the 
steps,  or  upon  the  plan,  whether  straight  or  circular. 

Weather-boarding,  is  measured  by  the  square  of  100  su- 
perficial feet. 

Boarded  partitions  are  measured  by  the  squarci  from 
which  must  be  deducted  the  doors  and  windows,  except  an 
agreement  be  made  to  the  contrary. 

The  price  of  all  kinds  of  framing  depends  on  the  thick- 
ness, or  whether  the  framing  be  plain  or  moulded;  and  if 
moulded,  the  description  of  moulding,  whether  struck  on  the 
solid,  or  laid  in,  mitrcd,  or  scribed  ;  as  also  upon  the  num- 
ber of  panels  in  a  given  height  and  breadth,  and  upon  the 
nature  of  the  plan. 

The  different  kinds  of  wainscotting,  as  window  linings, 
door  linings,  back  linings,  partitions,  doors,  shutters,  &c. 
are  all  measured  by  the  superficial  foot. 

Windows  are  in  general  valued  by  the  foot  superficial; 
though  sometimes  by  the  window.  When  measure^l,  the 
dimensions  are  taken  for  height,  from  the  top  of  the  cill  to 
the  under  side  of  the  head,  allowing  seven  inches  for  the 
head  and  cill ;  and  for  width  in  clear  of  pulley- stiles,  allow- 
ing eight  inches.  The  sash  and  frame  are  cither  measured 
together  or  separately. 

Skylights  are  measured  by  the  foot  superficial,  their  price 
depending  on  the  plan  and  elevation.  Framed  grounds  at 
per  foot  run, 

Ledged  doors  by  the  foot  superficial,  dado  by  the  super- 
ficial foot;  the  price  depending  whether  the  plan  be  straight 
or  circular,  or  the  elevation  level  or  inclined. 

In  measuring  stair-cases,  the  risers,  treads,  and  carriHges, 
are  generally  classed  together,  and  measured  by  the  foot  su- 
perficial :  the  price  varying  as  the  steps  are  flyers  or  wind- 
ers, as  the  risers  are  mitred  into  the  string-board,  the  treads 
dove-tailed  for  balusters,  and  the  nosings  rcturnecl,  or  whe- 
ther the  bottom  of  the  risers  be  tongned  into  the  treads.  The 
curtail  step  is  generally  valued  as  a  whole.  Returned  nosings 
jn^inuch  each  ',  and  if  circular,  double  the  price  of  atraight 


ones*    The  brackets  at  so  much  each^  according  to  the  pat-"* 
tern,  and  whether  straight  or  circular. 

Hand-railing  is  measured  by  the  foot  run,  the  price  de- 
pending on  the  materials,  the  diameter  of  the  well-hole,  or 
whether  ramped,  swaii-nccked,  icvel,  circular,  or  wreathed, 
or  whether  made  out  of  the  solid,  or  in  thicknesses.  The 
scroll  is  paid  at  per  piece.  The  joints  at  so  much  each,  and 
three  inches  of  the  straight  part  at  each  end  of  the  wreath 
are  included  in  the  measurement*  Deal  balusters  arc  pre- 
pared and  fixed  at  per  piece  ;  as  also  iron  balusters,  iron 
column  to  curtail,  housinefs  to  steps,  &c.  An  extra  allowance 
is  made  for  the  additional  labour  .in  fixing  the  iron  balusters. 

The  price  of  string-board  is  regulated  by  the  foot  super- 
ficial, according  to  the  manner  in  which  tt  is  moulded,  whe- 
ther straight,  circular,  or  wreathed,  and  the  manner  in 
which  such  string  is  backed.  The  sliaft^  of  columns  are 
measured  by  the  foot  superficial ;  the  price  depending  upon 
the  diameter,  and  whether  it  be  straight  or  curved,  or  pro- 
perly glued  and  blocked.  If  the  column  be  fluted  or  reeded* 
the&utes  or  reeds  are  measured  by  the  foot  run,  their  price 
depending  upon  the  size  of  the  flute  or  reed  The  headings 
of  flutes  and  reeds  are  at  so  much  each.  Pilasters,  straight 
or  curved,  in  the  height,  arc  measured  in  the  same  way,  and 
the  price  taken  per  foot  superficial  in  the  caps  and  bases  if 
pilasters ;  besides  the  mouldings,  the  mitres  must  be  so 
much  each,  according  to  the  size. 

i  Mouldings  are  valued  by  the  foot  run,  as  double-faced  ar- 
chitraves, base  and  surbase.  The  head  of  an  architrave  in 
a  circular  wall,  is  four  times  the  price  of  the  perpendicular 
parts,  not  only  on  account  of  the  time  retiuired  to  form  the 
mouldings  to  the  circular  plan,  but  on  account  of  the  gi*eater 
difiiculty  of  forming  the  mitres. 

All  horizontal  mouldings,  circular  upon  plan,  are  three  or 
four  times  the  price  of  those  on  a  straight  plan  ;  being 
charged  more,  as  the  mdius  of  the  circle  is  less :  housings  to 
mouldings  are  valued  at  so  much  each,  according  to  thesize. 

The  price  per  superficial  foot  of  mouldings  is  regulated  by 
the  number  of  quirks^  for  each  of  which  an  addition  is  made 
to  the  foot. 

The  price  of  mouldings  depends  also  upon  the  materials 
of  which  they  are  made,  and  upon  their  running  figure^  whe- 
ther curved  or  raking. 

In  grooving,  the  stops  are  paid  over  and  above,  and  bo 
muth  more  must  be  allowed  for  all  grooves  wrought  by 
hand,  particularly  in  the  parts  adjoining  the  concourse  of 
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Ic :  circular  gfoovii^  must  be  paid  sdll  more.  Water 
arc  measur^  by  the  foot  run ;  the  rate  depending 
he  side  of  their  square :  the  hopper-head»  and  shoes 
ued  at  so  much  each,  as  also  are  the  moulded  weather 
ind  the  joints.  Scaffolding,  &c.  used  in  fixing,  is 
d  extra. 

ring-boards  are  prepared,  that  is,  planed,  gauged,  and 
1  to  a  thickness  at  so  much  each,  the  price  depending 
he  length  of  each  board ;  if  more  than  nine  inches 
the  rate  is  increased  according  to  the  additional 
each  board  listing  at  so  much  per  list, 
following  is  a  classification  of  such  articles  in  joinery 
isually  rated  at  so  much  each. 


ers. 

itR. 

kets  for  slielvcs. 
i  in  gfencral. 
J  to  steps. 

tu  standards, 
ippiiij^j. 

[  nu>ui<lcd  nosing^s  to  steps, 
land-rails. 

hand-rails. 

and  fixing  joists  of  hand- 

ith  joint-screws. 

on  rolunins  in  curtails. 

ron  baluKter,  and  prepar- 

•uld. 


Brackets  to  stairs. 

Curtail  step. 

Clamp^mitres. 

Mitres  of  pilasters  accordiiig  to 
their  size. 

Mitres  of  cornices. 

Headings  to  flutes  and  reedi. 

Hopper-heads  and  shoes  to  wsler* 
trunks. 

Joints  to  water-trunki. 

Preparing  flooring-boards  and  bat- 
tens. 

Fixing  locks  and  fastenhigt,  per 
article. 

Hole  in  seat  of  wafter-clMOt. 

Patteras. 


g  and  fixing  deal  balusters. 

Articles  at  per  foot  runnings  or  lineal* 


to  shelres. 
raisings  of  panels, 
d  panels  in  the  extremity 
raising  to  be  charged  ex- 

to  wainscot. 

ircular   string-boards    t« 

Is. 

0  stairs. 

planiers  in  stairs. 

in  rail  for  iron  rail  or  ba- 

nnks  and  spouts, 
and  door- grounds. 
fiUets. 


Fillets  mitred  on  panels* 

Square  or  beaded  angle-staff*  re- 

Dated. 
Mouldings. 
Single  cornice. 
Single  faced  archttraye. 
Pilasters  under  four  inches  wide* 
Boxings  to  windows. 
Ornamental  grooving. 
Narrow  linings. 
Legs,  rails,  and  runners  of  i 

sers. 
Border  to  hearth. 
Basc-niouldiug. 
Surbase-rooulding. 
Narrow  skirting. 

Articles  at  per  foot  superficial. 


ned,  ploiisrhed,  tongued.      Skirting. 

,  glaeo,  and  clamped.  Sash-frames  aad 
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fikjiiglitv.  Stpps  and  riicft  to  lUin,  iDclMdiof 

B«ck,  elbow,  softts,  carriaf  es. 

Shutters.  Cradling. 

Framed  or  plaiu  badc-linings.  Duuble-faccd  architraFes. 

Door-Kningfs,  jambe.  Mouldings   wrought  by  hand,  if 

IVainscotting.  large. 

Dado.  Shafts  of  columna. 

Partitions. 


PLASTERING. 

The  Plasterer  is  a  workman  to  whom  the  decorative  part 
of  architecture  owes  a  considerable  portion  of  its  eflSect^  and 
whose  art  is  requisite  in  every  kind  of  building. 

The  tools  of  the  plasterer  consist  of  a  sp{ide  or  shovel  of 
the  usual  description ;  a  ra/ce^  with  two  or  three  prongs, 
bent  downwards  from  the  line  of  the  handle,  for  mixing  the 
hair  and  mortar  together;  trmvels  of  various  kinds  and 
sizes;  stopping  and  picking-out  tools;  rules  called  straight- 
edges;  and  wood  models. 

.  The  trowels  used  by  plasterers  are  more  neatly  made  than 
tools  of  the  same  name  used  by  other  artificers.  The  lay- 
tng  and  smoothing  tool  consists  of  a  flat  piece  of  hardened 
iron,  about  ten  inches  in  length,  and  two  inches  and  a  half 
wide,  very  thin,  and  ground  to  a  semicircular  shape  at  one 
end,  but  left  square  at  the  other ;  and  at  the  back  of  the  plate, 
near  the  square  end,  is  rivetted  a  small  iron  rod  with  two 
legs,  one  of  which  is  fixed  to  the  plate,  and  the  other  to  a 
round  wooden  handle.  With  this  tool  all  the  first  coats  of 
plaster  is  laid  on,  as  arc  also  the  last,  or,  as  it  is  technically 
termed,  the  setting.  The  other  kinds  of  trowels  are  made 
of  three  or  four  sizes,  {ot  gauging  the  fine  stuff  and  plaster, 
used  in  forming  cornices,  mouldings,  &c.  The  longest  size 
of  these  is  about  seven  inches  on  the  plate,  which  is  of  po- 
lished steel,  about  two  inches  and  three  quarters  broad  at 
the  heel,  diverging  gradually  to  a  point.  To  the  heel  or 
broad  end  a  handle  is  adapted. 

The  stopping  and  picking-out  tools  are  made  of  polished 
steel,  of  different  sizes,  though  most  generally  about  seven 
or  eight  inches  in  length,  and  half  an  inch  in  breadth,  flat- 
tened at  both  ends,  and  ground  somewhat  round.  ITiese 
tools  are  uted  in  modelling  and  finishing  mitres  and  re- 
turns to  cornices ;  as  likewise  in  filling-up  and  perfecting 
the  ornaments  at  the  joinings. 

The  straight-edges  are  for  keeping  the  work  in  an  even, 
or  perpendicular  hne;  and  the  models  or  moulds  are  for  run- 
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iig  plain  mouldings,  corniceft,  &c.;  of  these  latter  the 
lastrror  roqiiin/s  a  ^rrnt  number  Bs  very  little  of  his  fiuish- 

op  their  tools  very  clean,  and 
^^  them  daily  polished  by  the  hawk-boys* 
■Wasterers  have  technical  divisions  of  their  work,  by  whicL 
is  qualit}'  is  designated,  and  value  ascertained  ;  a»,  lathing ; 
ying  J  pricking-up ;  lathiog,  laying,  and  net ;  lathing,  float* 
ig,  and  set ;  screed,  set  or  putty ;  reDdering  and  set,  «r 
•eiidcrin  *  <  I,  and  set ;  trowelled  stucco,  &c.  j  each  of 
rhich,  \.  ,  wc  shall  very  minutely  explain. 

lu  all  the  upcratioDs  of  plasterini^,  lime  extensively 
bounds  ;  we  shall,  therefore,  first  offer  some  ob^eiTations 
^n  the  properties  of  this  important  article. 

Air  who  have  written  on  the  subject  of  lime,  as  a  cement, 
lave  endeavoure<l  to  ascertain  what  is  the  due  proportion 
jf  mi)(]  for  makiug  the  most  perfect  cement ;  but  with  a 
irtk- at lentifvij  it  is  evident,  that  all  prescribed  rules  nnist 
e  so  very  vague  and  uncertain,  as  to  be  of  little  niility  to 
workman,  for,  besides  the  variation  which  is  occasioned 
more  or  loss  degree  of  calcination,  it  is  a  certain  fact, 
some  kinds  of  lime-stone  are  much  more  pure,  and 
:ontain  a  much  smaller  proportion  of  sand  than  others  j 
Misequcntly,  it  would  be  absunl  to  aay,  that  pure  lime 
quires  as  small  a  proportion  of  sand,  when  made  into 
m  that  which  originally  contained  in  itself  a  large 
i'>n. 
I'tie  variation  thus  produced,  in  regard  to  the  proportion 
f  sand,  is  found  to  be  extremely  great.  It  is,  however, 
taled,  that  the  best  mortar  which  has  come  under  exa- 
inatioo,  was  formed  of  eleven  part*  of  sand  to  one  of 
me :  to  which  was  added,  by  measure,  between  twice  and 
hricc  its  o\vu  bulk  of  sand,  which  may  be  allowed  to  have 
n  at  least  three  times  its  quantity  by  weight.  Supposing, 
fore,  that  everj'  particle  of  the  lime  had  been  so  per- 
y  calcined  as  to  be  in  a  caustic  state,  there  could  not  be 
(CSS  tlian  forty-seven  paits  of  satul  to  one  of  lime ;  but  it 
hard  to  suppose,  that  above  one  hundix:dth  part  of  this 
ass,  independent  of  the  water,  consisted  of  pure  caustic 
Icareous  earth. 

Pi'om  these  considerations  it  is  conceived,  that  it  is  im- 
)       ''  nnte  proporti<»n  •  ut 

\o  the  nature  v\  \l\ 

md  other  incidental  circumstances,  which  would  torm  an 
Infinity  of  exceptions  to  any  general  mJe.    But  it  would 
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sm,  that  it  might  be  safely  inferred,  that  the  modems 
general  rather  err  in  giving  too  little,  than  in  giving  U 
much  sand.  It  deserves,  however,  to  be  noticed,  that  tl 
sand,  when  naturally  in  the  lime-stone,  is  more  intiniatel 
blended  with  the  lime,  than  can  possibly  be  ever  effected 
any  mechanical  operation  ^  so  that  it  would  be  in  vain 
hope  to  make  equally  good  mortar  artificially  from  puJ 
lime,  with  so  small  a  proportion  of  caustic  calcareous  mal 
ter,  as  may  sometimes  be  effected  when  the  lime  natural! 
fontains  a  very  large  proportion  of  sand.  Still,  howevci 
there  seems  to  be  no  doubt,  that  if  a  much  larger  propoi 
tion  of  sand  than  is  common  were  employed,  and  that  nioj 
carefully  and  expeditiously  blended  and  worked,  the  morti 
would  be  made  much  more  perfect,  as  has  been  proved  ' 
actual  experiments. 

Another  circumstance,  which   greatly  tends  to  vary  tl 
quality  of  cement,  and  to  make  a  greater  or  smaller  pro^ 
portion  of  sand  necessary,  is,  the  mtjdc  of  preparing  ihi 
lime  before  it  is  beaten  up  into  mortar.     When  for  plaster| 
it  is  of  great  importance  to  have  evcr)^  particle  of  the  lime 
stone  slaked  before  worked- up,  for,  as  smoothness  of  sur- 
face is  the  most  material  point,  if  any  particles  of  lime 
beaten-up  before  suflkiently  slaked,  the  water  still  continu- 
ing to  act  on  them,  will  cause  thcin  to  expand,  which  wil 
produce  those  excrescences  on  the  surface  of  tlie  piaster^ 
termed  blisters.     Consequently,  in  order  to  obtain  a  perfc< 
kind  of   plaster,  it  is  absolutely  necessary  that  the  lim< 
before  being  worked,  be  allowed  to  remain  a  considerabli 
time  macerating  or  souring  in  water  :  the  same  sort  of  pro- 
cess, though  not  absolutely  required,  would  considei-ablj 
improve  the  lime  intended  for  mortar.     Great  care  is  re- 
quired in  the  management ;  the  principal  thing   being  th< 
procuring  of  well-burnt  lime,  and  allowing  no  more  lime,^ 
before  worked,  than  is  just  sufficient  to  macerate  or  sour  it 
\vith  the  water:  the  best  burnt  lime  will  require  the  ma- 
ceration of  some  days. 

It  has  been  almost  universally  admitted,  that  the  hardest 
lime -stone  affords  the  lime  which  will  consolidate  into  th( 
firmest  cement ;  hence,  it  is  generally  concluded,  that  lime^ 
made  of  chalk  produces  a  much  weaker  cement  than  thati 
made  of  marble,  or  lime-stone.    It  would  seem,  however, 
that,  if  ever  this  be  the  case,  it  is  only  incidentally,  and  not 
necessarily.     In  the  making  of  mortar,  other  substances  are 
occasionally  mixed  with  lime,  which  we  shall  here  proceed 
to  notice,  and  endeavour  to  point  out  their  excellencies  and 
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"foors.    Those  cotiimonly  usedj  beaidos  land  of  vnriouA 

nations,  arc  powdered  sand-stone,  brick-dust,  and 
lis  :  and  for  forming  plaster,  where  closeness  rather 
an  hardnass  is  required,  lime  which  has  been  slaked  and 
ept  ID  a  dry  place  till  it  has  become  nearly  effete^  and 
wdered  chalky  or  whiting,  and  gypsum,  in  various  pro- 
ous,  besides  hair  and  other  materials  of  a  similar  nature, 
r  ingredients  have  been  more  lately  recommended,  such 
an  earthy  balls,  slightly  burnt  and  pounded,   old  tuortor 
rubbish,  powdered  and  siHed,  and  various  things  of  the 
"  k«j  kind,  the  whole  of  which  are,  ia  some  respect  or  other, 
bjectiouable. 
Plaster  of  Paris  is  employed  by  the  plasterer  to  give  the 
luisite  form  and  finish  to  all  the  superior  parts  of  his  work* 
it  is  made  of  a  fossile  stone,  called  gypsum,  which  is  ex- 
vatcd  in  several   parts   of  the   neighbourhood  of  Paris, 
hence  it  derives  lia  name,  and  is  calcined  to  apowder,  to 
deprive  it  of   its  water  of  crystallization.     The  best  if 
"lontmartre. 
The  stones  are  burnt  in  kilns,  which  are  generally  of  very 
tuple  construction,  being  not  unfrequently  built  of  the 
um  itself.    The  pieces  to  be  calcined  are  loosely  put 
her  in  a  paratlelopiped  heap,  below  which  ore  vaulted 
or  flues,  for  the  application  of  a  moderate  heat. 
le  calcination  must  not  be  carried  to  excess ;  as  other- 
rise  the  plaster  will  not  form  a  solid  mass  when  mixed  with 
certain  portion  of  water.     During  the  process  of  calcina- 
Oti,  the  water  of  crystallization  rises  as  white  vapour, 
rhich,  if  the  atmosphere  be  dry,  is  quickly  dissolved  in  air. 
The  pounding  of  the  calcined   fragments  is  performed 
imetimes  in   mills  constructed  for  the  purpose,  and  some- 
mcs  by  men,  whose  health  is  much  impaired  by  the  par- 
cles  of  dust  settling  upon  their  lungs. 
On  the  river  Wolga,  in  Russia,  where  the  burning  of  gyp- 
pm  constitutes  one  of  the  chief  occupations  of  the  pca- 
|.ntry,  all  kinds  of  gypsum  are  burnt   promiscuously  on 
fRtes  made  of  wood;  afterwards  the  plaster  is  reduced  to 
Oivdcr,  passcil  through  a  sieve,  and  finally  formed  iuta 
mall  round  cukea,  which  are  sold  at  so  mucli  per  thousand. 
These  bulls  are  reduced   into  an  impalpable  powder  by 
e   I  \  and  then  mixed  with  mortar.    The  less  the 

Ds  mixed  with  other  substances,  the  better  it  is 

lor  the  purpose  of  making  casts,  stucco,  ^.    The 
ypnum,  or  selenite,  which  is  the  purer  kind,  is  cm- 
for  tailing  impressions  from  coin$  and  xactiaU,  and 
2r 


610 


THK  OPBRATIVB   MICCUANIC 


for  making  tbose  beautiful  imitations  of  marble, 
'and  porphyry,  kaown  by  the  uame  of  svagOola^ 
derived  from  the  Kalian  word,  nct^li. 

Finely  powdered  alabaster,  or   plaster  of  Parb, 
lieated  tn  a  crucible,  assumes  the  apoeanince  of  a  flDid* 
rolling  in  waves,  yielding  to  the  toucJi,  steaniing,  &c.  aU 
which  properties  it  again   loses  on   the  departure  H(  tfee 
heat :  it  taken  from  the  crucible  and  thro\vn  upon  paniv^ 
will  not  wet  it  5  but  immediately  be  as  motionless  as  It  w» 
before  exposed  to  the  heat. 

Two  or  three  spoonfuls  nf  burnt  alabaster  misted  up  tliin 
with  water,  will,  at  the  bottom  of  a  vessel  filled  with  vrater, 

mgnlate  into  a  hard  lump,  notwithstanding  the  watir 
that  surrounds  it.  Tlic  coagulating  or  setting'  pn" 
of  bunit  alabaster  will  be  very  much  impaired,  or 
if  the  powder  be  kept  for  any  coiisidembic  UrnCj  aiiii 
more  es|>eciany  in  the  open  air.  Wlien  it  huA  been  once 
tempered  with  water,  and  suffered  to  grow  haidi  it  cumoc 
be  rendered  of  any  further  use. 

Plaster  of  Paris,  diluted  with  water  into  the  cottststeoce 
a  soft  or  thin  paste,  quickly  sets,  or  grows  firm,  and 
Instant  of  its  setting,  has  its  bu^k  increased.    This 
f !  'IKnty,  in  passing  from  a  soft  to  a  firm  state,  is 
vaiiiiible  pro(x;rties ;  rendering  it  an  excellent  Hi 
filling  cavities  in  sundry  works,  where  other  earthy 
tures  would  shrink  and  leave  vacuities,  or  entirely 
from  the  adjoining  parts.     It  is  also  probable  tliut  this 
pansion  of  the  plaster  might  be  made  to  eontnbute  to 
elegance  of  the  impressions  it  receives  from  medftU,  &c, 
properly  confining  it  when  soft,  so  that,  at  its  exp«iislotD|' 
would  be  forced  into  the  minutest  traces  of  the  fifores* 

A  plaster  of  a  coarser  description,  made  of  a  " " 
atone,  much  like  that  of  which  Dutch  terraa  are 

sometimes  used  in  this  country,  for  floors  in  geotleoietil 
louses,   and  for  corn-granaries.    This  stone,  when " 
the  manner  of  lime,  assumes  a  white  appeaimncc, 
loes  not  ferment  on  being  mbted  with  water  :  wbeji 

reduced  to  a  fine  powder.     About  a  bushel  of  this  ^ 

put  into  a  tub,  and  water  is  applied  till  it  t>Gcome8* 
Jn  this  state  it  is  well  stirred  with  a  stick,  and  used 
niediately ;  for  in  less  than  a  quarter  of  an  hour  it 
kai-d  and  useless^  as  it  will  not  allow  of  beixf  moDod 
iecond  time. 

Other  cements  are  used  by  plasterers  for  inside  -. 
The  first  is  called  livte  and  hair^  or  coarse  sttiff\  aod  ii^ 
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pared  as  common  mortar*  with  tlits  addition  of  hatr  from 
the  tan-yards.  The  mortar  is  first  mixed  with  a  requisite 
quantity  of  saiid^  and  the  hair  is  afterwards  worked  in  by 
the  application  of  a  rake* 

Next  to  this  is  fine  stuffs  which  is  merely  pure  lime, 
slaked  first  with  a  small  quantity  of  water^  and  afterwards, 
without  any  extraneous  addition,  supersaturated  with  water, 
and  put  into  a  tub  in  a  half  fluid  state,  where  it  is  allowed  to 
rcmain  till  the  water  is  evaporated.  In  gome  particular  cases, 
a  small  portion  of  hair  is  incorporated.  VVlicn  this  line 
stuff  is  used  for  inside  wallsj  it  is  mixed  with  very  fine 
washed  sand,  in  the  proportion  of  one  part  saud  to  three 
parts  of  fine  stutT,  and  is  then  called  troufcUed  or  ba$tard 
stucco f  with  which  all  walls  intended  to  be  painted  are 
finished. 

The  cement  called  gauge  stuff]  consists  of  three-fifths  of 
fine  stuff,  and  one-fifth  plaster  of  Paris,  mixed  together  with 
water,  in  small  *iuan titles  at  a  time,  to  render  it  more  ready 
to  set.  This  composition  is  mostly  used  in  forming  cor* 
niccs  and  mouldings  run  with  a  wooden  mould.  When 
great  expedition  is  required,  plasterers  gauge  all  their  mor- 
tars with  plaster  of  Paris,  which  sets  ijn mediately. 

The  technical  divisions  ofplasterer's  work  shall  now  claim 
our  attention. 

Lathing,  the  first  operation,  consists  in  nailing  laths  on  the 
ceiling,  or  partition.  If  the  laths  be  of  oak,  they  will  require 
wrought  iron  nails  ;  but  if  of  deal,  nails  made  of  cast  iron 
may  be  used.     Those  mostly  used  in  L«)ndon  are  of  fir,  im- 

E[>rted  from  America  and  the  Baltic,  in  pieces  culled  staves, 
aths  are  made  in  three  foot  and  four  foot  lengths  :  and 
with  respect  to  their  thickness  and  strength,  are  cither  sin- 
gle, lath  and  half,  or  double.  The  single  are  the  thinnest 
and  cheapest ;  those  called  lath  and  half,  are  supposed  to  be 
one  third  thicker  than  the  single  ;  and  the  double  laths  are 
twice  that  thickness.  In  lathing  ceiHngs,  the  plasterer 
should  use  both  the  lengths  alluded  to,  and  in  nailing  them 
up,  should  so  dispose  them,  that  the  joints  be  as  much 
broken  as  possible,  that  they  may  have  the  stronger  key  or 
tic,  and  thereby  strengthen  the  plastering  with  which  they 
are  to  be  covered.  The  thinnest  laths  are  used  in  partltiouii, 
and  the  strongest  for  ceilings. 

Laths  are  also  distinguished  into  heart  and  sap  laths  :  the 
former  should  always  be  used  in  plain  tiling ;  the  latter^ 
which  are  of  inferior  quality,  are  most  frequently  used  by 
Ihe  plasterer.  _ 

2r2 
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-  Latlis  should  be  as  evenly  split  as  possible.  Those  tbC 
nre  vltv  crooked  should  not  be  used^  or  the  crooked  pftrt 
should  be  out  out  j  aud  such  as  have  a  short  coo'-iirv  .  <. 
the  one  side,  and  a  convexity  on  the  other,  not 
minent,  should  be  placed  with  the  concave  sidc- 

The  following  is  the  method  of  rending  or  sj 
The  lalh-cleavers  having  cut  their  timber  into 
lengths,  cleave  each  piece  with  wedges,  into 
or  sLxteen  piecesj  according  to  the  scantlii  h 

called  Z»o//a  ;  and  then,  with  do wl -axes,  it»      _     .. 
the  felt-grain,  termed /t'/^/W,  into  sizes  for  the  bi 
the  laths  j  and^  lastly,  with  the  chit,  clear  thctn  iala 
nesses  by  the  ijuarter  grain. 

Having  nailed  the  laths  in  their  appropriate  ord<^,  ffij 
plasterer's   next  business   is   to   cover    them   widi  pJii5(ct^ 
the  most  simple  and  common  operation  of  which,  n*    ' 
vig  ;   that  is,  spreading  a  single  coat  of  lime  arirf  hair 
the  whole  ceiling,  or  partition  ;  carefully  «  to 

it  smooth  and  even  in  every  direction,    Thi^  .-  \..^c\ 
kind  of  plastering. 

Pricking  up  is  performed  in  the  same  mtucDer  as  tbc 
^  ling ;  but  is  only  a  preliminary  to  a  more  perfect 
of  work.     After  the  plnster  is  laid  on,  it  is  crossed  all 
w'nh  the  end  of  a  lath,  to  give  it  a  tie  or  key  to  the 
which  is  afterwards  to  be  laid  upon  it, 

L,athhigy  iat/hig,afidse(,  or  what  is  termed  lath  and  pit 
/rr,  one  coat  and  set,  is,  when  the  work,  after  being  lathe 
is  covered  ^vith  one  coat  of  lime  and  hair,  aud  afWri 
when  sutficiently  dry,  a  thin  and  smooth  coat  spread  over 
consisting  of  lime  only,  or,  as  the  workmen  call  i' 
ov  set.    This  coat  is  spread  with  a  smoothing-trou 
by  the  workman  with  his  right  hand,  while  hia  leU  hunt 
moves  a  large  fiat  bnish  of  hog*8  bristles,  dippcrd  in  w 
backwards  and  forwards  over  it,  and  thus  produces  a 
face  tolerably  even  for  cheap  work* 

Lathing,  Jtonling^  and  set,  or  iath  and  ptatter^  one 
floated  and  tcety  ditTei*s  from  the  foregoing^  )»•  '      ' 
coat  pricked  up  to  receive  the  set,  which  i 
Jioating,     In  doing  this,  the  plasterer  is   | 
substantial  straight  edge,   frequently  from  t<' 
in  length,  which   must  be  used  by  two  workmen. 
part«  to  be  floated  are  tried  by  a  plumb-line,  t-^ 
\vhcther  they  be  perfectly  flat  and  level,  and  w 
deficiency  fippears,  the  hollow  is  tilled  up  wl  ^ 
or  more  of  lime  and  hair  oulv*  which  is  Icr. 


"AND    MACntKlf%T. 

imd  when  these  preliminaries  are  settled,  the  ^re^fh  are  next 

b  formed.  The  term  *crrrt/  signif  i  \lc  of  lime  and  hair,  about 

■  seven  or  eight  inches  in  widi    ,     .     id  quite  tnie,  by  draw- 

■Ug  the  straight  edge  over  it  miiil  It  be  so.    These  screeds 

^IK  made  at  the  distance  of  about  three  or  four  feet  from 

each  other,  in  a  vertical  direction,  all  round  the  partitions 

aud  ualU  of  a  room.    When  all  are  formed,  the  interval* 

are  filled  up  with  lime  and  hair,  called  by  the  workmen, 

tsUtff\  till  flush  with  the  face  of  the  screeds.  The  straight 
edge  ia  then  worked  horizontally  on  the  screeds,  by  which 
all  the  superfluous  stuif,  projecting  beyond  them  in  the  in- 
tenrals  is  removed,  and  a  plain  surface  produced.  Thi* 
operation  is  leTmed  float ing^  and  may  be  applied  to  ceilings 
as  well  as  to  partitions,  or  upright  avails,  by  first  forming 
the  screeds  in  the  direction  of  the  breadth  of  the  apartment, 

I'      and  filling  up  the  intervals  as  above  de&cribed.    As  great 
care  is  requisite  to  render  the  plaster  sound  and  even,  none 
but  skilful  workmen  should  be  employed. 
The  Jtet  to  floated-work  is  performed  in  a  mode  similar  to  ,• 
that  already  prescribed  for  laying ;  but  being  employed  \ 
only  for  best  rooms,  is  done  with  more  care*    About  one- 
aixth  of  plaster  of  Paris  is  added  to  it,  to  make  it  set  more 
expeditiously,  to  give  it  a  closer  and  more  compact  ap- 
[>earance,  and  to  render  it  more  firm  and  better  calculated 
I      to  receive  the  white- wash  or  colour  when  dry.     For  floated 
stucco-work  the  pricking  up  coat  cannot  be  too  dry  j  but,  if 
the  floating  which  is  to  receive  the  setting  coat  be  too  dry, 
before  the  set  is  laid  on,  there  will  be  danger  of  its  peeling 
off,  or  of  assuming  the  appearance  of  little  cracks,  or  shelbj* 

I  which  would  disfigure  the  work.  Particular  care  and  at- 
tention therefore  must  be  paid  to  hai'e  the  under  coats  in  a 
proper  state  of  dryness.  It  may  here  be  observed,  that 
cmck^  and  other  unpleasant  appearances  in  ceilings,  arc 
more  fi-eqiiently  the  effect  of  weak  laths  being  covered  with 
I  too  much  plaster,  or  too  little  plaster  upon  strong  latlis, 
ft  rather  than  of  any  sagging  or  other  inadequacy  in  the  tim- 
Ll^a,  or  the  building.  If  the  laths  be  properly  attended  to, 
HKd  the  plaster  laid  on  by  a  careful  and  judicious  workman, 
^TK  cracks  or  other  blemishes  are  likely  to  appear. 

tTlie  next  operation  combines  both  the  foregoing  pro- 
cesses, but  requires  no  lathing;  It  is  Ciilled  rrn''  '^nd  sct^ 
or  rrtideringy  Jioafedt  and  set.  What  is  n  i»d  by 
retidcrint^f  is  the  covering  of  a  brick  or  stone  wall  vvith  a 
coat  uf  Gme  and  hair,  and  by  set  is  denoted  a  superfaial 
coat  of  0ne  ^tufli  or  putty  upon  the  rendering*    These  o|io^ 


THB   orBRATIVB   MECHANIC 

r&tions  are  sitnilar  to  those  described  for  getting  of  ceilings 
and  partitions ;  and  the  floated  and  set  is  laid  on  the  ren- 
dering ID  the  same  manner  as  on  the  partitions,  &c,  alrcfidf 
explained,  for  the  best  kind  of  work. 

Tyowelled  stucco,  which  is  a  very  neat  kind  of  work,  nseal 
in  dining-rooms,  halls,  &c.  where  the  walls  are  |ircpared  to- 
be  painted,  must  be  worked  upon  a  floated  groimd,  and  the 
floating^  be  quite  diy  before  the  stucco  is  applied.     In  this* 
process  the  plasterer  is  provided  with  a  wooden  tool,  caUcdJ 
afloat,  consisting  of  a  piece  of  half  inch  deal,  about  uin< 
inches  long  and  throe  wide,  planed  smooth,  with  its  lowei 
edges  a  little  rounded  off,  and  having  a  handle  on  the  nppei 
surface.    The  stucco  is  prepared  as  above  described,  anil 
afterwards  well   beaten  and  tempered   with    clear  water." 
The  ground  intended  to  be  stuccoed  is  first  prepared  wiihf* 
the  large  trowel,  and  is  made  as  smooth  and  level  as  pos- 
sible; when  the  stucco  has  been  spread  upon  it  to  the  extent'^ 
of  four  or  five  feet  Brjuare,  the  workman,  with  a  float  in  hh  ^ 
right  hand  and  a  brush  in  his  left,  sprinkles  with  water,  and 
rubs  alternately  tlic  face  of  the  stucco,  till  the  whole  is  re- 
duced to  a  fine  even   surface*    He  then  prepares  another^ 
square  of  the  ground,  and  proceeds  as  before,  till  the  whoh 
is  completed.    The  water  has  the  effect  of  hardening  th« 
face  of  the  stucco.  When  the  floating  is  well  performed,  il 
will  feel  as  smooth  as  glass, 

Ruitgh  castings  ur  rough  ttalling,  is  an  exterior  finiabing/ 
much  cheaper  than  stucco,  and,  therefore,  more  frequently 
employed  on  cottages,  farm-houses,  &c,  than  on  buildings 
of  a  higher  class*  The  wall  intended  to  be  rough-casi,  is 
first  pricked-up  with  a  coat  of  Tune  and  hair  j  and  when 
this  is  tolerably  dry,  a  second  coat  is  laid  on,  of  the  satno 
materials  as  the  first,  as  smooth  as  it  can  possibly  be  spreadv 
As  fast  as  the  workman  finishes  this  surface,  he  is  followed 
by  another  with  a  pail-full  of  rough-cast,  with  which  ha 
bespatters  the  new  plastering,  and  the  whole  dries  together* 
The  rough-cast  is  composed  of  fine  gravel,  washed  from  all 
earthy  particles,  and  mixed  with  pure  lime  and  watei^  till 
the  whole  is  of  a  semi-fluid  consistency.  This  is  thrown 
from  the  pail  upon  the  wall  with  a  wooden  float,  about  five 
or  six  inches  long,  and  as  many  wide,  made  of  half-inch 
deal,  and  fitted  with  a  round  deal  handle.  While,  with  this 
too),  the  plasterer  throws  on  the  rough-cast  with  his  righc 
band,  he  holds  in  bis  left  a  common  whitewashers'  brush, 
dipped  in  thc^rough^cast  also,  with  which  he  brushes  and 
colours  the  mortar  and  the  rough-cast  he  has  already  s[n  cad. 
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to  give  theiDi  when  fioishedi  a  regular  uniform  colour  and 
appearauoe. 

CarnUesj  are  either  plain  or  ornamented,  and  sometimes 
embrace  a  portion  of  both  classes*  The  6r$t  point  to  be 
attended  to  is,  to  examine  the  drawings^  and  measure  the 
projections  of  the  priucipal  members,  which,  if  projectiog 
more  than  seven  or  eight  inches,  must  be  bracketted.  Thifl 
consists  in  fixing  tip  pieces  of  wood,  at  the  distance  of  about 
ten  or  twelve  inches  from  each  other,  all  round  the  place 
proposed  for  the  cornice^  and  nailing  laths  to  then),  covering 
the  whole  with  a  coat  of  plaster.  In  the  brackets,  the  stun* 
necessary  to  form  the  cornices  must  be  allowed,  which  in 
general  is  about  one  inch  and  a  quarter.  A  beech  mould  is 
next  made  by  the  carpenter,  of  the  profile  of  the  intended 
cornice,  about  a  quarter  of  an  inch  in  thickness,  with  the 
quirks,  or  small  sinkings,  of  brass  or  copper.  All  the  sharp 
edges  are  carefully  reoioved  by  the  plasterer,  who  opens 
with  his  knife  all  the  points  which  he  finds  incompetent  to 
receive  the  plaster  freely. 

These  preliminaries  being  adjusted,  two  workmen,  pro* 
Tided  with  a  tub  of  putty  and  a  quantity  of  plaster  of  Pans, 
proceed  to  run  the  cornice.  Before  using  the  mould,  they 
gauge  a  screed  of  putty  and  plaster  upon  the  wall  and  ceit-* 
ing,  covering  so  much  of  each  as  will  correspond  with  the 
top  and  bottom  of  the  intended  cornice.  On  this  screed 
one  or  rwo  slight  deal  straight-edges,  adapted  to  as  many 
^  notches  or  chases  made  iu  the  moutd  for  it  to  work  upon, 
B  are  nailed.  The  putty  is  then  mixed  with  about  one-third 
H  of  plaster  of  Paris,  and  brought  to  a  semi-fluid  state  by  the 
B  addition  of  clean  water.  One  of  the  workmen,  with  two  or 
B  three  trowels*fuLl  of  this  composition  upon  his  hawA,  which 
he  holds  in  bis  left  haud,  begins  to  plaster  over  the  surface 
intended  for  the  cornice,  with  his  trowel,  while  his  partner 
applies  the  mould  to  ascertain  when  more  or  less  is  wanted* 
When  a  sufficient  quantity  of  plaster  is  laid  on,  the  workmen 
holds  bis  mould  firmly  against  both  the  ceiling  and  the  wait,  and 
moves  it  backwards  and  forwards,  which  removes  the  super- 
fluous stuff,  and  leaves  an  exact  impression  of  the  mould 
upon  the  plaster.  This  is  not  effected  at  once;  for  while  be 
wurks  the  mould  backwards  and  forwards,  the  other  work- 
man iiikm  notice  of  any  deficiences,  and  fills  them  up  by 
adding  fresh  supplies  of  plaster*  In  this  manner  a  cornice 
from  leu  to  twelve  feet  in  length  may  be  formed  in  a  very 
short  time  }  indeed,  expedition  is  essentially  requisite,  as  the 
plaster  of  Paris  occasions  a  very  great  tendency  in  the  putty 
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to  set,  to  preveot  which,  it  is  necessary  ta  Bprinkle  the  conf* 
position  frequently  with  water,  as  plasterers,  in  order  to 
secure  the  truth  and  correctness  of  tbe  cornice,  generalh 
endeavour  to  finish  all  the  lengths,  or  pieces,  between  anj 
two  breaks  or  projections^  at  one  time*  In  cornices  whi( 
have  very  large  proportions,  and  in  cases  where  any  of  th< 
orders  of  architecture  are  to  be  introduced,  three  or  four 
moulds  arc  required,  and  are  similarly  applied,  till  all  ihe^ 
parts  are  formed*  Internal  and  external  oiitres,  and  smi 
returns^  or  breaks^  are  afterwards  modelled  and  tilled  np 
hand. 

Cornices  to  be  enriched  with  ornaments,  have  certain  ii 
dentations,  or  sinkings,  left  in  the  mould  in  which  the  cast 
are  laid.    These  orn'^iTients  were  formerly  made  by  hand 
but  now  are  cast  iv  plaster  of  Paris,  from  clay  modeh 
When  the  clay  model  is  finished,  and  has,  by  exposure 
the  action  of  the  atmosphere,  acquired  some  degree  of  firm^ 
ness,  it  is  let  into  a  wooden  frame,  and  when  it  has  bee( 
retouched  and  finished,  the  frame  is  filled  with  melted  wa? 
which,  when  cold,  is,  by  turning  the  frame  upside  dow 
allowed  to  fall  off,  being  an  exact  cameo,  or  counterpart, 
the  model.     By  these  means,  the  moat  enriched  and  curi/ 
ously  wrought  mouldings  may  be  cast  by  the  common  pli 
terer.    These  wax  models  are  contrived  to  cast  about  a  fo< 
in  length  of  the  ornament  at  once  ;  such  lengths  being  moa\ 
easily  got  out  from  the  cameo.     The  casts  arc  made  of  th( 
finest  and  purest  plaster  of  Paris,  saturated  with  water;  ani 
the  wax  mould  is  oiled  previously  to  its  being  put  in,  Whei 
the  casts,  or  intaglios,  are  first  taken  from  tbe  mould,  thi 
are  not  very  firm  ;  but  being  sufi'ercd  to  dry  a  little,  cither 
in  the  opei:  air  or  an  oven,  they  acquire  sufficient  hardness 
to  allow  of  being  scraped  and  cleaned. 

Bas8o*rclicvos  and  friezes  arc  executed  in  a  similar  man« 
ntT,  only  the  wax  mould  is  so  made,  that  the  cast  can  hai 
a  back-ground  at  least  half  an  inch  thick  of  plaster-cast  U 
the  ornament  or  figure,  in  order  to  strengthen  arjd  secoi 
the  proportions,  at  the  same  time  that  it  promotes  the  ge<l 
ncral  rffcct. 

The  process  for  capitals  to  columns  is  also  the  same, 
ccpt  that  numerous  moulds  are  required  to  complete  thci 
In  the  Corinthian  capital  a  shaft  or  belt  is  fii-st  made,  oi 
which  is  afterwards  fixed  the  foliage  and  volutes;  the  who! 
of  which  require  distinct  cameos. 

In  running  cornices  which  are  to  be  enriched,  the  plas- 
terer  takes  care  to  have  proper  projections  iu  the  runoiog^ 
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pould,  »o  as  to  make  a  groove  in  the  cornice^  fur  the  recep- 
"Qn  of  the  cast  ornament,  which  is  laid  in  and  secured  by 
reading  a  small  quantity  of  liquid  plaster  of  Paris  on  its 
ck.     Detached  orDameiits  intended  for  ceilings  or  other 
rtSj  and  where  no  running  mould  has  been  employed,  are 
t  in  pieces  corresponding  with  the  design,  and  fixed  upon 
ceiling,  &c.  with  white-lead,  or  with  the  composition 
Down  by  the  name  of  iran-cemettt. 

The  manufacture  of  stucco  has,  for  a  long  time  past,  fit- 
ted the  attention  of  all  connected  with  this  branch  of 
building,  as  well  as  chemists  and  other  individuals;  but  the 
only  bene6t  resulting  from  such  investigation  is,  a  nif>rc  ex- 
usivc  knowledge  of  the  materials  used,  h  would  item, 
bat  the  great  moisture  of  our  climj»*e  prevents  its  being 
ttght  to  any  high  degree  of  perfcciin«n ;  though,  among 
e  variooa  compositions  which  have  been  tried  and  pro- 
sed, some,  comparatively  speaking,  arc  excellent.  •• 
Common  stucco,  used  for  external  work,  conai&ts  of  clean 
isbed  Thames  sand  and  ground  Dorking  lime,  which  are 
ixed  dry,  in  the  proportion  of  three  of  the  latter  to  one  f»f 
0  former :  when  well  incorporated  together,  these  should 
secured  from  the  air  in  casks  till  required  for  use.  Walls 
be  covered  with  this  composition,  must  first  be  prepared, 
ly  raking  the  mortar  from  the  joints,  and  picking  the  bricktj 
r  8tonc«,  till  the  vvhoJe  is  indented  :  the  dust  and  other 
traneous  matter  must  then  be  brushed  off,  and  the  wall 
ell  saturated  with  clean  water.  The  stucco  is  supersatu- 
kted  with  water,  till  it  has  the  appearance  and  consistence 
f  ordinary  white-wash,  in  which  stale  it  is  rubbed  over  the 
rail  with  a  flat  brush  of  hogs'  bristles.  When  this  process, 
ftlled  roughing  wi,  has  been  performed,  and  the  work  has 
become  tolerably  dry  and  hard,  which  may  be  known  by  its 
>eing  more  white  and  transparent,  the  screeds  are  to  be 
ormed  upon  the  wall  with  fresh  stucco  from  the  cask^  tem- 
icred  with  water  to  a  proper  consistency,  and  spread  on  the 
ipper-part  of  the  wall,  about  eight  or  nine  inches  wide;  as 
iho  against  the  two  ends,  beginning  at  the  top  and  proceeding 
lownwards  to  the  boitom.  In  this  operation,  iwu  workmen 
irc  required  ;  one  to  supply  the  stucco,  the  other  to  apply 
he  plu(nb-rule  and  straight-edge.  When  these  are  truly 
brmcd,  other  screeds  must  be  made  in  a  vertical  direction, 
ibout  four  or  five  feet  apart,  unless  apertures  in  the  wall 
revent  it,  in  which  case,  they  must  be  formed  as  near  toge- 
ihcr  as  possible.  When  the  scrceding  is  finished,  cotnpo  is 
rcpnrcd  in  larger  quaolities,  and  both  the  workmen  spi 
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^jt  with  their  trowels  over  the  wall  in  the  space  left  belw 
jCach  pair  of  screeds.     When  this  operation  is  complete,  t) 
»trai^ht<edge  is  applied,  and  dragged  from  the  top  to 
jottom  of  each  pair,  to  remove  whatever  supevHuous  Haa 
lay  project  above  the  screeds*      If  there  be  any  holl< 
places,  fresh  stucco  is  applied,  and  the  straight-edge  is  agaij 
drawn  over  the  spot,  till  the  compo  is  brought  even   to  t| 
face  of  the  screeds,  and  the  whole  is  level  with  theedge  of  t| 
rule.    Another  interval  is  then  filled  up,  and  ,ihe  workm( 
Ihus  proceed  till  the  whole  of  the  wall  is  covered, 
kWall  is  finished  by  floating,  that  is,  hardening  the  sui 
by  sprinkling  it  with  water,  and  rubbing  it  with  the  coi 
mon  wood -float,  which  is  performed  similarly  to  trnwellii 
stacco« 

This  description  of  compo  is  freqneotly  used  by  pi 
terers  for  cornices  and  mouldinp,  in  the  same  manner 
described  in  common  plastering ;  but  if  the  workman  fioi 
it  necessary,  he  may  add  a  small  quantity  of  plaster  of  Parii 
to  make  it  fix  the  better  white  running  or  working  tl 
mould*     Such  addition  is  not^  however,  calculated  to  gii 
strength  to  the  stucco,  and  is  only  made  through  the  nect 
sity  of  having  n  quick  set. 

In  the  year  1/96,  Mr,  Parker  obtained  a  patent  for  a  cem< 
that  is  impervious  to  water,  and  which  may  be  successful 
[employed  in  ice  houses,  cisterns,  tanks,  &c*  In  his  spe< 
Icatiou  Mr.  Parker  states,  that  **  nodules  of  clay,  or  argilJ 
laceous  stone,  generally  contain  water  in  their  centre,  sur* 
ionnded  by  calcareous  crystals,  having  veins  of  calcareoiii 
latter.  They  are  formed  in  clay,  and  are  of  a  bro^TB 
^colour  like  the  clay.**  These  nodules  he  directs  should,  after 

ung  broken  into  small  pieces  and  burnt  tu  a  kiln,  with  a  hiaUt- 
I  that  is  nearly  sufficient  to  vitrify  them,  be  reduced  to  po\ 
der:  when  two  measures  of  water  added  to  five  of  il 
^powder,  will  produce  tarras.     Lime  and  other  matters  mi 
^ be  added  or  withheld  at  pleasure;  and  the  proportion 
^Water  may  be  varied. 

The  term  of  the  patent  being  now  expired,  many  oth< 
manufactories  of  this  cement  have  been  established,  whii 
produce  it  of  equal  goodness,  and  some  of  them  of  rathi 
better  colour,  which  is  of  importance,  since  the  frcs< 
^painting  or  white- wash,  laid  on  Mr.  Parker's  composition, 
ftoon  taken  off  by  the  rain,  and  leaves  the  waits  of  a  ditj( 
|tud  unpletisant  appearance. 

The  fresco- painting,  or  staining,  is  laid  on   the  walls  a 
jei-cd  with  tjiia,  cemeot,  to  give  theni  the  appearance 
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buildings  ;  and  ifl  performed  by  diluting  Hulpliuric  acid> 
o/vitnoly)  with  water,  and  addlog  duid-ocbres,  &c.  of 

aired  tiat. 

hen  stucco  is  \rasbed  over  with  this  mixture^  the  afTitilty 

ijg  iu  the  iron  of  the  cement  ceases;  and  the  acid  aud 

r  fluspcnded  iu  and  upoD  the  stucco  arc  fixed.    When 

oasly  managedi  the  surface  a&iQmes  the  appearance 

hlar  bond  of  masonry. 

liola  is  a  drstiuct  branch  of  plastering,  discovered  or 
Dted»  and  much  osed  in  Italy^  and  thence  introduced 
I  France,  where  It  obtained  its  name :  the  late  Mr.  H. 
land,  who  introduced  it  into  England  engaged  artists 
1  Pitrif^  9onie  of  whom,  finding  n  demand  for  their  laboaiv 
aincd  iu  this   country,   and  instructed  the   natives  in 

Kinns  and  pilasters  are  executed  in  this  branch  of 
bg  ill  the  following  manner :  A  wooden  cradle, 
led  of  thin  strips  of  deal,  or  other  wood,  is  made  to 
he&ent  the  column  designed  ;  but  about  two  inches  and  a 
[  less  in  diameter  than  the  shaft  is  intended  to  be  when 
iKed.  This  cradle  is  lathed  round,  as  for  common  plaa- 
tg,  and  then  covered  with  a  pricking  up  coat  of  linae 
hair.  When  this  is  quite  dry,  the  artists  in  scagUota 
mcnce  operations,  by  imitations  of  the  most  rare  and 
;ioo5  marbles,  with  astouishing  and  delusive  effect ;  iii«- 
ll,  as  the  imitation  takes  as  high  a  polish,  and  fcek 
cold  and  hard  us  the  most  compact  and  solid  marble, 
log  short  of  actual  fracture  can  possibly  discover  the 
uterfeit. 

I  preparing  the  scagliola,  the  workman  selects,  breaks, 
calcines  the  purest  gypsum,  and  as  soon  as  the  largest 
[ments,  in  the  process  of  calcination,  lose  their  brilliancy, 
idraws  the  tire,  and  passes  the  calcined  powder  through 
ry  Hnc  sieve,  and  mixes  it,  as  required  for  use,  with  a 
lion  of  glue,  isin£*lass,  Stc,  In  this  solution  the  colours 
|uired  in  the  marble  to  be  imitated  are  diffused ;  bat 
n  the  work  is  to  be  of  various  colours,  each  colour  m 
pared  Hcpurately,  and  afterwards  minq:)ed  and  combined, 
Lrly  in  ihc  snrne  manner  as  a  painter  mixes  on  his  palette 
iirimitive  colours  to  compose  his  different  tints, 
K^hcn  the  powdered  g)'psum  is  prepared,  it  is  laid  on  the, 
ft  of  the  intended  column,  over  the  pricked*  op  coal  of 
and  hair,  and  is  then  floated  with  niouhls  of  woud« 
^c  to  the  requisite  size  :  the  artist  uses  the  colours  nccci^ 
f  for  the  Imiution  during  tlus  floUin^^A^^  vi\j[\«.\i  m«»iA 
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they  mingle  and  iocorporate  with  the  surface.     T 
the  fi^lossy  lustre,  so  much  admired  in  works  of  marble,  the 
workman  rubs  the  work  with  one  hand  with  a  pumicc*Btr>i 
while  with  the  other  he  cleans  it  with  a  wet  sponge 
next  polishes  it  with  tripoli,  charcoal,  and  a  piece  of 
linen ;  afterwards  with  a  piece  of  felt  dipped  in  a  mixt 
of  oil  and  tripoli,  and  finally  completes  the  work  by  the  ap* 
plication  of  pure  oil.    This  imitation  is,  certainly,  the  mutt 
complete  that  can  be  conceived  ;  and  when  the  bases  and 
capitals  are  made  of  real  marble,  as  is  the  common  practice^ 
the  deception   is  beyond  discovery.     If  not  exposed  to  the 
weather,  it  is,  in   point  of  durability^  little  inferior  to 
marble,  retains  its  lustre  full  as  long,  and  is  not  oDC-cig 
of  the  expense  of  the  cheapest  kind. 

There  is  another  species  of  plastering,  used  in  the  deco 
ratlve  parts  of  architecture,  and  for  the  frames  of  pictures, 
looking-glasses,  &c*  which  is  a  perfectly  distinct  branch  of 
the  art.  This  composition,  which  is  very  strong,  and,  when 
quite  dry,  of  a  brownish  colour,  consists  of  the  proportion 
of  tvvo  pounds  of  powdered  whiting,  one  pound  of  glue  in 
solution,  and  half  a  pound  of  linseed  oil;  mixed  logetheTi 
and  heated  in  a  copper,  and  stirred  with  a  spatula,  till  tb« 
whole  is  incorporated.  When  cool,  it  is  laid  upon  a  stoncv 
covered  with  powdered  whiting,  and  beaten  till  it  assumes  t 
tough  and  firm  consistence;  after  which  it  is  covered  witli 
wet  cloths,  to  keep  it  fresh»till  required  for  use. 

The  ornaments  to  be  cast  in  this  composition,  are  mo- 
delled in  clay,  as  in  common  plastering,  and  afterwards  i 
cameo,  or  mould,  is  carved  in  box- wood.  This  carvinf 
requires  to  be  done  with  the  utmost  care,  otherwise  the 
symmetry  of  the  ornament  which  is  to  be  cast  from  it  will 
be  spoiled.  The  composition,  when  required  for  use,  is  cot 
%vilh  a  knife  into  pieces  of  the  requisite  size,  and  forced 
into  the  mould;  after  wtjich  it  is  put  into  a  press,  worked 
by  an  iron  screw,  and  still  further  compressed.  When 
the  mould  is  taken  from  the  press,  the  composition,  which 
is  generally  cast  about  a  foot  in  length,  is  dislodged  from  the 
mould,  and  the  superfluous  parts  pared  off  with  a  kDife^  a^L. 
cast  into  the  copper  for  the  next  supply,  ^H 

The  ornaments  thus  formed,  are  glued  upon  wooden, flP 
other  grounds,  or  fixed  by  means  of  white  lead,  &c. ;  after 
which  they  are  painted  or  gilt,  according  to  the  purpose* 
which  they  are  intended.     This  composition  is  at  least 
per  cent,  cheaper  than  carving,  and,  in  most  cascS|  equally 
calculated  to  answer  all  the  purposes  of  ihc  art. 


AKD   MACHINIST. 

It  IS  tnneh  to  be  wished,  that  the  art  of  plastering  could 
be  restored  to  its  ancient  perfection ;  for  the  Romans  pos- 
sessed an  art  of  rendering  works  of  this  kind  much  more 
firm  and  d arable  than  can  be  accomplished  at  the  present 
time. 
The  specimens  of  ancient  Roman  plastering  still  visible, 
lich  have  not  been  injured  by  force,  are  found  to  be  firm 
id  solid,  free  from  cracks  or  crevices,  and  as  smooth  and 
►lished  on  the  surface  as  when  first  applied.  The  aides 
id  bottoms  of  the  Roman  aqueducts  were  lined  with  this 
lasteriug,  and  endured  many  ages. 

At  Venice,  some  of  the  roofs  of  houses,  and  the  floors  of 

toms,  are  covered  with  a  sort  of  plaster  of  later  date,  and 

St  strong  enough  to  endure  the  sun  and  weather  for  several 

^es,  without  either  cracking  or  spoiling. 

The  method  of  making  the  Venetian  composition  is  not 

lown  in  England  ;  but  such  might  probably  be  madeby  heai- 

ig  the  powder  of  gypsum  over  afire,  and  when  boiling,  which 

will  do  without  the  aid  of  water, or  other  fluid,  mixlog  it  with 

Tm,  or  pitch,  or  both  together,  with  common  sulphur,  and 

le  powder  of  sea-shells.  If  these  be  mixed  together,  water 

Idedto  it,  and thecompositioo  kept  on  thefiretillthe  instant 

its  being  used,  it  is  not  improbable  that  the  secret  may  be 

Hscovered.    Oil  of  turpentine  and  wax,  which  are  the  com- 

m  ingredients  in  such  cements  as  arc  accounted  firmest, 

may  also  be  tried  as  additions ;  as  also  may  strong  ale  wort, 

which  is  by  some  directed  to  be  used  instead  of  water,  to 

make  mortar  of  lime-stone  of  more  than  ordinary  strength* 


b 


SLATING 

This  branch  of  building,  which  is  principally  employed  in 
the  covering  of  roofs,  is  not  unfrcquently  combined  with 
that  of  ptastering.  The  slates  chiefly  used  in  London  are 
brought  from  the  quarries  at  Bangor,  in  Coernaivfuishire, 
whrcn  supply  all  parts  of  the  United  Kingdom,  Another 
kind  of  slate,  of  a  pale  bloc-green  colour,  is  used,  and  most 
esteemed,  being  brought  from  Kendal,  in  Weslmoreland, 
called  fFcstmoreland  slates.  These  slates  arc  not  large; 
but  of  good  substance,  and  well  calculated  to  give  a  neat 
appearance  to  a  roof.  The  Scottish  slate,  which  assimilates 
in  size  and  quality  to  a  slate  from.  Wales,  called  ladies^  is  in 
little  repute. 
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remarked,  that  this  kind  of  alatc  owes  its  lightness^  not 
much  to  any  diversity  in  the  componeut  parts  of  the 
►DC,  as  to  the  thinness  to  which  it  is  reduced  by  the  work- 
len  5  consequeutly,  it  is  not  so  weJl  calculated  to  re&ist 
Tiolent  winds  as  those  which  are  heavier. 

Slates,  when  brought  from  the  quarry,  are  not  sufficiently 
square  for  the  slater's  use  ;  he  therefore  picks  up  and  exa- 
mioeb  the  slates  separately^  and  observes  which  is  the 
strongest  and  squarest  end  ;  then,  seating  hicnsclf,  he  holds 
the  slate  a  little  slanting  upon,  and  projecting  about  an  inch 
over,  the  edge  of  a  small  block  of  wood,  which  is  of  the 
aame  height  as  his  seat,  and  cuts  away  and  makes  straight 
one  of  its  edges;  then*  with  a  slip  of  wood,  he  gauges,  and 
c;uts  olT  the  other  edge  parallel  to  it,  and  s(|uarcs  the  end. 
wpLbc  slate  is  now  considered  prepared  for  use,  with  the 
pexception  of  perforating  through  its  opposite  ends  two  small 
liolcs,  for  the  reception  of  the  nails  which  are  to  conOue  it 
to  the  roof.  Copper  acid  zinc  nails,  or  iron  nails  tinned,  arc 
considered  the  best,  being  less  susceptible  of  oxidation  than 
nails  made  of  bar  iron. 

Before  we  proceed  further  with  the  operations  necessary 
in  the  slating  of  building,  we  shall  give  some  account  of  the 
tools  u.sed  by  this  class  of  artificers. 
Slaters'  tools  are  very  few,  which  sometimes  arc  found  by 
masters,  and  sometimes  by  the  men.  llie  tool  called 
te  sflUT,  is  made  of  tempered  iron,  about  sixteen  inche.s  in 
igth,  and  two  inches  in  width,  somewhat  bent  at  one  end, 
witfi  a  handle  of  wood  at  the  other.  Tins  tool  is  not  unlike 
a  large  knife,  except  tiiat  it  has  on  its  back  a  projecting  piece 
of  iron,  about  three  inches  in  length,  drawn  to  a  sharp 
point.  This  tool  is  used  to  chip  or  cut  all  the  slates  to  the 
required  sizes, 

ITie  ripper  is  also  of  iron,  about  the  same  length  as  the 
saixe ;  it  has  a  very  thin  blade,  about  an  inch  and  three- 
quarters  wide,  tapered  somewhat  towards  the  top,  where  a 
roundhead  projects  over  the  blade  about  half  an  inch  on 
bach  side:  it  has  also  two  little  round  notches  in  the  two 
piiternal  angles  at  their  intersections.     The  handle  of  this 
pDol  is  raised  above  the  blade  b)'  a  shoulder,  which  enabled 
^he  worlcman  to  hold  it  firm.    This  instrament  is  used  iu 
repairing  old  slating,  and  the  application  consists  in  thrust- 
ing the  blade  under  the  slates,  m  that  the  head,  which  pro- 
tects, may  catch  the  nail  in  the  little  notch  at  its  interscc- 
8 and  euablc  the  workman  to  draw  it  out,    Duiiug  this 
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operation  tbc  slate  b  aufliciently  loosened  to  allow  of  its 
being  removed,  and  another  inserted  in  its  place. 

The  hammer^  which  is  somewhat  dilTercut  in  shape  to  the 
ordinaiy  tool  of  that  name,  is  about  five  inches  in  hcigi 
on  the  hammer,  or  driving  part,  and  the  top  is  bent  back, 
ground  to  a  tolerably  sharp  point,  its  lower  or  flat  en 
which  is  quite  romid,  being  about  three-quarters  of  an  in 
in  diameter.  On  this  side  of  the  driving  part  is  a  small 
projection,  with  a  notch  in  the  centre,  whiih  is  "used  as  a 
daw  to  extract  such  nails  a$  do  not  drive  satisfactorily. 
•  The  shaving-tool  is  used  for  getting  the  slates  to  a  smooth 
face  for  skirtings,  floors  of  balconies,  ike.  It  consists  of  au 
iron  blade,  hliarpcncd  at  one  of  its  ends  like  a  chisel,  and 
>  mortised  through  the  centre  of  two  round  wooden  handles, 
one  fixed  at  one  end,  and  the  other  about  the  middle  of  the 
I  blade.  The  blade  is  about  eleven  inclies  long,  and  two  inches 
wide,  and  the  handle  is  about  ten  inches  long,  so  that  they 
j project  about  four  inches  on  each  side  of  the  blade,  in  using 
this  tool,  the  workman  places  one  hand  on  each  side  of  the 
^handle  that  is  in  tlie  middle  of  the  blade,  and  allows  the 
other  to  press  against  botlt  his  \msts.  In  this  manner  he 
removes  all  the  uneven  parts  from  off  the  face  of  the  slate, 
and  gets  it  to  a  smooth  surface. 

The  other  tools  used  by  the  slater  consist  of  chisels, 
gouges,  and  files  of  all  sizes  j  by  means  of  whicli  he  finishes 
the  slates  into  mouldings  and  other  required  forms.  , 

In  slating  roofs,  it  is  necessary  to  form  a  base  or  floor  fo^^ 
the  slates  to  lay  compactly  and  safely  upon  ;  for  doubles  atuH 
Ittdies^  boarding  is  required,  which  must  be  laid  very  even, 

itb  the  joints  close,   and  properly  secured  by  nails  to  the 

ifters.  This  being  completed,  the  slater  provides  himself 
vith  several  slips  of  wood,  called  tiffing  fillets,  about  tea 
hes  and  a  half  wide,  aiad  three-quarters  of  an  inch 
thick  on  one  edge,  and  chamfered  to  an  arris  on  the  other, 
wliich  ho  nails  down  all  round  the  extreme  edges  of  the 
roof,  beginning  with  the  hips,  if  any,  and  if  not,  with  the 
«ides,  eaves,  and  ridge.  He  next  selects  the  largest  of  t 
idates,  and  arranges  them  regularly  along  the  eaves  wi 
their  lower  edges  to  a  line,  and  nails  them  to  the  boarditii 
This  part  of  the  work  being  completed,  he  takes  othi 
slates  to  form  the  bond  to  the  under  sides  of  the  eaves,  an 
places  them  under  those  previously  laid,  so  as  to  cross  and 
cover  all  their  joints.  Sucli  slates  are  pushed  up  light^H 
under  those  which  are  above  them,  and  are  seldom  nailed^ 
but  left  dependent  for  support  on  the  weight  of  those  above 
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lem,  and  tlielr  own  weight  ou  Uic  boarding.  The  countes^ef 
fhor  description  of  slates,  when  Intended  to  be  luiil 
J  nuiuncr,  arc  also  laid  on  boards. 
V\'iicu  the  slater  has  fmishcd  the  caves,  he  strains  a  line 
I  he  face  of  the  upper  shUes,  parftUcl  to  its  outer  edge, 
td  as  fur  from  it  as  he  deems  sufficient  for  the  Up  of  tlioije 
intends  ?iha)l  form  the  next  course,  which  is  laid  and 
died  even  with  the  litic,  crossing  the  joints  of  the  upper 
ites  of  the  eaves.    This  lining  and  laying  is  continued 
>c  to  the  ridge  of  the  roof,  observing  throughout  to  cross 
"iiflcrent  jonits,  by  laying  the  slates  one  above  another, 
game   system   ii*  uniformly  followed   in  laying  all  the 
rerent  sorU  of  sktcs,  with  the  exception  of  those  called 
iie^t  ^If/tes,  as  are  hereafter  explained. 
The  largest  kinds  of  slate,  are  found  to  lay  firm  on  haf" 
r,  which  are,  consequently,  much  employed,  and  pro- 
duce a  veiy  cousidcrable  saving  of  expense  in  large  build- 
'       ra   is    a  narrow    portion  of  deal,  about   two 
half,  or  three  inches  wide;  four  of  them  being 
kniujoul>  procured  from  an  eleven  inch  board. 
For  counters  slates,  battens   three -quarters  of  an  inch 
Ick,  will  be  of  adequate  substance  ;  but  for  the  larger  and 
■  kinds,  inch  battens  will  be  necesaary.    In  battening 
for  slates,  the  battens  are  not  placed  at  an  unifonn 
lee  from  each  other,  but  so  as  to  suit  tlie  length  of  the 
;  and  as  these  vaiy  as  they  approach  the  apex,  or  ridge 
of  the  roof,  it   follows   that  the  slater  himself  is  the  best 
iclge  where  to  fix  them,  so  as  best  to  support  the  slates, 
A  roof,  to  be  covered  with  patent  slates,  requires  that  the 
imon  rafters  be  left  loose  upon  tlieir  purlines,  as  they 
k«t  be  so  arranged  that  a  rafter  shall  lie  under  every  one  of 
meeting -joints.    Neither  battening  nor  bearding  is  re- 
lired  for  these  slates.    The  number  of  rafters  will  depend 
the  width  of  the  slates  j  hence  if  they  be  of  a  large  size, 
few  will  suffice.    This  kind  of  slating  is  likewise  com- 
;d  at   the  crvea  ;  but  no  crossing  or  bonding  h  re- 
1,  sis  the  slates  are  laid  uniformly,  with  each  end  reach- 
to  the  centre  of  the  rafter,  and  butted  up  to  each  other 
►ughout  the  length  of  the  roof.    When  the  eaves-course 
laid,  the   slates  which  corai>osc  it  are  screwed  down  to 
rafters  by  two  or  three  strong  inch  and  half  Herew$  at 
»h   of  tficir  ends.    A  line  is  then   j^trained   ab^^iu   two 
ehas  below  the  upper  edge,   in  order  to  guide  tl  '* 

the  next  course,  which  is  laid  with  its  lower  eclg 
the  Unc,    This  linings  laying  with  a  lap,  and  screirad 
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do^vii,  is  contioiied  till  the  roof  is  completely  covered.  Tbt 
joints  ai-e  then  secured  by  filletting,  which  consists  in  cot( 
mg  all  the  rneetiDg-joints  with  fillets  of  slate,  bedded 
jg^lazicr's  putty,  and  screwed  down  through  the  whole  ii 
the  rafters.  The  fillets  are  usually  about  three  inches  wii 
and  of  a  length  proportionate  to  that  of  the  slates,  whm 
joints  they  have  to  cover.  These  fillets  aie  solidly  bedded 
m  the  putty,  and  their  iiiterscctingjoints  are  lapped  similar 
to  those  of  the  slates.  The  fillets  being  so  laid,  and  secured 
by  one  in  the  middle  of  the  fillet  and  one  in  each  lap,  eut 
next  neatly  pointed  all  round  ihc-ir  ed^es  with  more  putl 
aud  then  painted  over  with  the  eolnurof  the  slate.  The 
and  ridges  of  such  slating  are  frequently  covered  by  fiJlel 
which  produces  a  very  neat  etfec:t;  but  lead,  which  is 
'much  dearer,  is  Ijy  far  the  best  kind  of  covering  for  all 
and  ridges.  The  patent  slating  may  be  laid  so  as  to  be 
fectly  water-tight,  with  an  elevation  of  the  rafters  eonsidi 
'ably  less  than  for  any  other  slate  or  tile  covering.  The 
in  each  foot  of  length  in  the  rafter  is  not  required  to 
more  than  two  inches,  which,  in  a  rafter  of  fifteen  feet, 
amount  to  only  two  feet  six  inches  :  a  rise  scarcely  perce| 
tiblefiiom  the  ground. 

Slating  is  performed  in  several  other  ways,  but  the  prin- 
ciples already  explained,  embrace  the  most  of  them.    Some 
M^orkmeii  shape  and  lay  their  slates  in  a  lozenge  form.   This 
l^ind  of  work  consists  in  getting  all  the  slates  to  an  uniform 
size,  of  the  shape  of  a  geometrical  square,     N\''hen  laid  on 
the  roof,  which  must  be  boarded,  they  are  bonded  and  tap* 
ped  as  ill  coniniou  slating,  observing  only  to  let  the  elbow, 
or  half  of  the  square,  appear  above  eacli  slate  that  is  next 
^beneath  it,  and  be  regular  in  the  courses  all  over  the  roof. 
*'One  nail  or  screw  only  can  be  used  for  such  slfiting  ;  beooe 
'it  soon  becomes  dtlapitated.      It  is  commonly  employed  in 
places  near  to  the  eye,  or  where  particular  neatness*  is  re- 
quired. 

It  has  been  ascertained,  that  a  slate  one  inch  thick  will, 
in  an  horizontal  position,  support  as  much,  in  weight,  as 
five  inches  of  Portland  stone  similarly  suspended.  Hence 
slates  are  now  wrought  and  used  in  galleries,  and  oiher  jMir- 
po^es,  where  it  is  essential  to  have  strength  and  lightn(^" 
combined. 

*  Slates  are  also  fashioned  into  chimney-pieces ;  but  are 
capable  of  receiving  a  polish  like  marble.  It  makes  ex^ 
lent  skirtings  of  all  descriptions,  as  well  as  casings  to  wi 
where  dilapidations,  or  great  wear  and  tear  are  to  be 


AMD  MjicuiMtrr.  627 

:ted.  Fnr  these  purposes,  it  is  capable  of  being  fixed  with 

^ints^  equally  as  neat  as  wood :  and  may,  if  required,  be 

Inled  over  so  as  to  appear  like  it.     Stair-cases  may  also 

ejcccutcd  In  slate,  which  will  produce  a  resemblawce  of 

tiirble. 

MENSURATION    OF   PLASTBRERs'    AND   Si^ATERs'    WORK. 

Plasterers*  work  is  executed  by  the  yard  square  ;  aud  the 
imcnsions  are  taken  in  feet  and  inches. 
If  a  room  consists  of  more  than  four  quoins,  the  addi- 
ioual  corners  must  be  allowed  at  per  foot  rmu 
In  measuring  ceilings  with  ribs,  the  superficies  must  be 
ken  for  plain  work  ;  then  an  allowance  must  be  nuidc  for 
^h  mitre,  and  the  ribs  must  be  valued  at  so  much  per  font 
m,  according  to  tlie  girth  ;  or  by  the  foot  superficial,  al 
ing  moulding  work. 

Jn  niea^umng  common  work  the  principal  things  to  bo 
red   are   as  follow: — first,    to  make  deductions    for 
\  s,  windows,  aud  doors  ;  secondly,  to  make  dtduc- 
i  rendering  upon  brick  work, for  doors  and  windows; 
lly,  if  the  workman  find  materials  for  rendering  between 
rters,  one-fifth  must  be  added  for  quarters  ;  but  if  work- 
ihiponly  is  found,  the  whole  must  be  measured  as  whole 
:,  because   the  workman   could  have  performed   the 
le  much  sooner  if  there  had  been  no  quarters  ;  fourthly, 
louldings  In  plaster  work  are  measured  by  the  foot  su- 
perficial, the  same  as  joiners,  by  girting  over  the  mouldings 
itli  a  line. 

Slaters*  \rork  h  measured  and  reduced  into  squares,  con- 
fining 100  feet  superficial.     If  in  measuring  the  slating  on 
roof,  it  be  hipped  on  all  sides  with  a  flat  at  top,  and  the 
tlauof  the  building  be  rectangular,  add  thelcngthand  breadth 
^f  two  adjoining  sides  of  the  eaves,  and  the   length  and 
ireadth  of  two  adjoining  sides  at  the  flat  together,  multiply 
^he  sum  by  the  breadth  of  the  slope,  aud  the  product  will 
prf  riic  area  of  the  space  that  is  covered.     Add  the  number 
k<  0  feet  produced,  by  multiplying  the  girts  of  the  roof 

Rl ;.  I  itngth  of  the  slates  at  the  caves  ;  to  the  area  also,  for 
Khe  trouble  of  putting  on  the  double  row  of  slates,  add  the 
Priun»bcr  of  square  feet  prtDduced  by  multiplying  the  length 
of  the  hips  by  one  foot  in  breadth,  and  the  sum  will  be  the 
whole  contents,  and  yield  a  compensation  for  the  trouble 
and  waste  of  materials.  If  there  be  no  flats,  add  the  two 
adjoining  sides  and  twice  the  length  of  the  ridge  for  iHc 
length  J  multiply  the  sum  by  the  breadth  of  the  sU^j'^^  (c« 
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the  area  of  the  space  covered,  and  add  the  allowances  as 
before. 

Another  plan  is  to  allow  in  addition  to  the  nett  dimen- 
eions  of  the  work,  six  inches  for  all  the  eaves,  and  foi 

inches  for  the  hips. 

All  faced  work  in  slate  skirting,  stair-cases,  gallenes,  &c" 
is  charged  by  the  foot  superticial^  without  any  addition, 


PLUMBIiNG, 
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Is  the  art  of  casting  and  working  in  lead,  and  using  the 
same  in  the  covering  and  for  other  purposes  in  building. 

To  tlie  plumber  is  also  confided  the  pump- work,  as  wel 
as  the  making  and  Ibrming  of  cisterns  and  reservoirs,  h 
or  small  closets,  Sec,  for  the  purposes  of  domestic  oeconomj 
The  plumber  does  not  use  a  great  variety  of  tools,  because  tl 
ductility  of  the  metal  upon  which  he  operates  does  not 
C|uire  it. 

The  tools  used,  consist  of  an  iron  hammer,  rather  heavi< 
than  a  carpenter's,  with  a  short  thick  handle  ;  two  or  thi 
wooden  mallets  of  diflferent  sizes  5  and  a  dressing  and  flat- 
thjg  looL 

This  last  is  of  beech*  about  eighteen  inches  long,  and  two 
inches  square,  planed  smooth  and  flat  on  the  under  surface, 
rounded  on  the  upper,  and  one  of  its  ends  tapered  off  round 
as  a  handle.  With  this  tool  he  stretches  out  and  flattens 
the  sheet-lead,  or  dresses  it  to  the  shape  required,  usinj 
fnra*  the  flat  side,  then  the  round  one,  as  occasion  may 
quire. 

The  plumber  has  also  occasion  for  a  jack  and  tryiiig  plan< 
similar  to  that  of  the  carpenter. 

VVltb  this  he  reduces  the  cd^es  of  sheet-lead  to  a  straighl 
line,  when  the  purposes  to  which  it  is  to  be  applied 
quire  it. 

Also  a  chalk  line,  wound  upon  a  roller,  for  markirjg  oul 
the  lead  into  such  breadths  as  he  may  want. 

His  cutting  tools  consist  of  a  variety  of  chisels  and  gouge 
as  well  as  knives. 

The  latter  of  these  are  used  for  cutting  the  sheet  lead  int< 
slips  and  pieces  after  it  has  been  marked  out  by  the  chal 
line. 

Files  of  different  sizes;  ladles  of  three  or  four  sizes,  foi 
melting  the  solder ;  and  au  iron  instniment  called  grozing- 
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These  groring^irons  arc  of  several  sizes,  generally  about 
Ive  inches  in  lengthy  tapered  at  both  ends,  the  handle 
id  hein^  turned  quite  round,  to  allow  of  its  being  firmly 
Id  while  in  use  :  the  other  end  is  a  bulb  of  a  s]>indle,  or 
ical  shape,  of  a  size  proportioned  to  the  soldering  in- 
to be  executed.  They  are,  when  required  for  use, 
ted  to  redness. 
The  plumber's  measuring  rule  is  two  feet  in  length,  di 
ded  into  three  equal  parts  of  eight  inchea  each  ;  two  of 
legs  are  of  box- wood,  duodecimally  di\dded ;  and  the 
'  consists  of  a  piece  of  slow  tempered  steel,  attached  to 
of  the  box  legs  by  a  pivot  on  which  it  turns,  and  falls, 
ben  not  in  use,  into  a  groove  cut  in  such  leg  for  its  recep- 
0-  This  steel  leg  can  be  passed  into  places  where  the  others 
t  enter  ]  and  it  is  also  useful  for  occasionally  renjonng 
ide  or  any  other  extraneous  matters  from  the  surface 
e  heated  metal. 
Scales  and  weights  are  also  necessary  ;  and  he  must  be 
ipplied  with  centre-bits  of  all  sizes  ;  and  a  stock  to  work 
lem,  for  the  purpose  of  making  perforations  in  lead  or 
ood,  through  which  he  may  want  to  insert  pipes,  &c, 
lorn  passes,  to  strike  circular  pieces,  to  line  or  cover  figures 
'  that  shatje,  are  occasionally  required. 
Lead  is  obtained  from  ore,  and,  from  its  being  generally 
^mbined  with  sulphur,  it  has  been  denominated  ''  miphu- 
tn*  After  the  ore  has  been  taken  from  its  bed  it  is  smelted, 
jr»t  being  picked,  in  order  to  separate  the  unctuous  and  rich, 
r  genuine  ore  from  the  stony  matrix,  and  other  impurities  ; 
be  picked  ore  is  then  pounded  under  stampers  worked  by 
tachineiy,  and  afterwards  washed  to  carry  off  the  remainder 
f  the  matrix,  which  could  not  be  separated  in  picking.  It  is 
lext  put  into  a  reverberatory  furnace,  to  be  roasted ;  during 
hich  operation,  it  is  repeatedly  stirred,  to  facilitate  the 
'aporation  of  the  sulphur.  W^en  the  surface  begins  to 
sume  the  appearance  of  a  paste,  it  is  covered  with  char- 
coal, and  well  shaken  together :  the  fire  is  then  increased, 
Dd  the  purified  lead  flows  down  on  all  sides  into  the  basin 
f  the  furnace,  whence  it  runs  oflf  into  moulds  prepared  for 
ts  reception.  The  moulds  are  capable  of  receiving  1541bs. 
►f  lead  each,  and  their  contents,  when  oool,  are,  in  the  com- 
ercial  world,  called  pij^s. 

Lead  in  of  a  bluish-white  colonr,  and  when  newly  melt- 

)d,  or  cut,  is  quite  bright ;  but  it  soon  becomes  tarnished 

I  exposure  to  the  atmosphere  ;  assuming  first  a  dirty  grey 

lour,  «id  afterwards  becomes  white.     It  is  ca^oi^^V^^ 
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being  hammered  into  very*  thin  plates,  and  may  be  drawn 
into  wire  ;  but  its  tenadty  is  very  inferior  to  that  of  other 
metals  ;  for  a  leaden  wire,  the  hundred  and  twentieth  part 
of  an  inch  in  diameter,  is  only  capable  of  supporting  aboht 
18lb.  without  breaking.  Lead,  next  to  tin,  is  the  most  fu- 
sible of  all  metals  ;  tind  if  a  stronger  heat  be  applied, 
it  boils  and  evaporates.  If  cooled  slowly,  it  crystallizes. 
The  change  of  its  external  colour  is  owing  to  its  gradual 
combination  with  oxygen,  which  converts  its  exterior  sur- 
face into  an  oxyd.  This  outward  crust,  however,  preserves 
tlie  rest  of  the  metal  for  a  long  time,  as  the  air  can  pene- 
trate but  very  slowly. 

Lead  is  not  acted  upon  immediately  by  water,  though  that 
element  greatly  facilitates  the  action  of  the  air  upon  it :  for 
it  is  kiiovvn  that,  when  lead  is  exposed  to  the  atmosphere, 
and  kept  constantly  wet,  the  process  of  oxidation  takes 
place  much  more  rapidly  than  it  does  under  other  circum- 
stances :  hence  the  white  crust  that  is  to  be  obsenxd  on 
the  sides  of  leaden  vessels  containing  water,  just  at  the 
place  where  the  surface  of  the  water  terminates. 

Lead  is  purchased  by  plumbers,  in  pigs^  and  they  redu< 
it  into  sheets  or  pipes,  as  they  have  occasion.  Of  sheet-lead 
they  have  two  kinds,  cast  and  milled.  The  former  is  usedl 
for  covering  flat  roofs  of  buildings,  laying  of  terraces,  form- 
ing gutters,  lining  resen^oirs,  &c. ;  and  the  latter,  \f hich  if 
very  thin,  for  covering  the  hips  abd  ridges  of  roofs.  Thii 
last  they  do  not  manufacture  themselves,  but  purcha^ie  it 
of  the  lead  merchants,  ready  prepared. 

For  the  casting  of  sheet  lead,  a  copper  is  provided,  and  well 
fixed  in  masonrj',  at  the  upper  end  of  the  workshop,  near 
the  mould  or  casting  table,  which   consists  of  strong  dea|fl 
boards,  well  jointed  together,  and  bound  with  bars  of  iroo™ 
at  the  ends.    Tlie  sides  of  this  table,  of  which  the  shape  h 
a  parallelogram,  vary  in  size  from  four  to  six  feet  in  width, 
and  from  16  to  18  feet  and  upwards  in  length,  and  are  guarded 
by  a  frame  or  edging  of  wood,  3  inches  thick,  and  4  or  fM 
inches  higher  than  the  interior  surface,  called  the  sha/fw^t 
This  table  is  fixed  upon  firm  legs,  strongly  framed  together, 
about  6  or  7  inches  lower  than  the  top  of  the  copper.     At 
the  upper  end  of  the  mould,  nearest  the  copper,  is  a  box, 
called  the  pan,  tvhich  \h  adapted  in  its  length  to  the  breadth 
of  the  table,  having  at  its  bottom  a  long  horizontal  slit, 
from  which  the  heated  metal  is  to  issue,  when  it  has  been^ 
poured  in  from  the  copper.     This  box  moves  upon  rojleri^ 
•long  the  surface  of  the  rim  of  the  table^  and  is  put  in  nio* 
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by  means  of  ropes  and  ptilleys,  fixed  to  beams  above. 
hile  the  metal  is  melting,  the  surface  of  the  mould,  or 
U  prepared  by  covering  it  with  a  stratum  of  diy  and 
»atid,  regularly  smootlied  ovjr  with  a  kind  of  rake, 
a  strike,  which  corisists  of  a  board  about  5  inches 
road,  and  rather  longer  than  the  inside  of  the  mould,  so 
ilj*  ends,  which  arc  notched  about  two  inches  deep,  may 
idc  upon  the  shafts.  This  being  passed  down  the  whole 
ength  of  the  table,  reduces  the  sand  to  an  uniform  sur- 
The  pan  is  now  brought  to  the  head  of  the  table,  close 
o  the  copper,  its  sides  having  previously  been  guarded  by  a 
Bt  of  moistened  sand,  to  prevent  its  firing  from  the  heat  of 
e  metal,  which  is  now  put  in  by  ladles  from  the  copper. 
These  pans,  or  boxes,  it  mUvSt  be  obscn^ed,  are  made  to 
ntain  the  quantity  of  melted  lead  which  is  required  to  cast 
whole  .sheet  at  one  time ;  and  the  slit  in  the  bottom  is  so 
^justed  as  to  let  out,  during  its  progress  along  the  table j 
"iRt  as  much  as  will  completely  cover  it  of  the  thickness  and 
eight  per  foot  required.  Every  thing  being  thus  prepared, 
he  slit  is  opened,  and  the  box  moved  abng  the  table,  dis- 
ing  its  contents  from  the  top  to  the  bottom,  and  leaving 
its  progress  a  sheet  of  lead  of  the  desired  thickness* 
IThcn  cool,  the  sheet  is  rolled  up  and  removed  from  the 
ble,  and  other  sheets  are  cast,  till  all  the  metal  in  the  cop* 
;r  is  exhausted.  The  sheets  thus  formed  are  then  rolled 
ip  and  kept  for  use. 

In  some  places,  instead  of  having  a  square  box  upon 
rheels,  with  a  slit  in  the  bottom,  the  pan  consists  of  a  kind 
f  trough,  being  composed  of  two  planks  nailed  together  at 
'Sght  angles,  with  two  triangular  pieces  fitted  in  between 
hem,  at  their  ends.  The  length  of  this  pan,  as  well  as  that 
if  the  box,  is  equal  to  the  whole  breadth  of  the  mould.  It 
B  placed  with  its  bottom  on  a  bench  at  the  head  of  the  table 
eaning  with  one  side  against  it :  to  the  opposite  side  is  fixed 
die,  by  which  it  may  be  lifted  up  in  order  to  pour  out 
quid  metal.  On  the  aide  of  the  pan  next  the  mould 
o  iron  hooks,  to  hold  it  to  the  table,  and  prevent  it 
slipping  while  the  metal  is  being  poured  into  the 
ould. 

The  mould,  as  well  as  the  pan,  is  spread  over,  about  two 
ches  thick,  with  sand,  sifted  and  moistened,  and  rendered 
.•clly  level  by  moving  over  it  the  strike,  and  smoothing  it 
with  a  plane  of  polished  brass,  about  a  quarter  of  an 
rli  md  nine  inches  square,  turned  up  on  the  edges, 

BcH  jr     uy  proceed  to  casting  the  lead,  the  strike  is  made 
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ready  by  tacking  two  pieces  of  old  fiat  on  the  notches,  or 
by  covering  the  notches  with  leather  cases,  so  as  to  mise  the 
under  side  of  the  strike,  about  an  eighth  of  an  inch,  or 
more,  above  the  sand,  according  to  the  proposed  thicknea 
of  the  sheet.  The  face  or  under  side  of  the  strike  is  then 
smeared  with  tallow,  and  laid  across  the  breadth  of  the 
mould,  with  its  ends  resting  on  the  shafts.  The  melted  lead 
is  then  put  into  the  pan  with  ladles  ;  and,  when  a  sufficieut 
quantity  has  been  put  in,  the  scum  is  swept  off  with  a  piece 
of  hoard,  and  suftered  to  settle  on  the  coat  of  sand,  to 
prevent  its  falling  into  the  mould,  when  the  metal  is 
out.  It  generally  happcni,  that  the  lead,  when  first 
from  the  copper,  is  too  hot  for  casting ;  it  is  therefore 
fered  to  cool  in  the  pan,  till  it  begins  to  stand  with  a 
or  wall  on  the  sand  with  which  the  pan  is  lined.  Two  men 
then  take  the  pan  by  the  handle,  or  one  of  them  takes  it  hj 
means  of  a  bar  and  chain  fixed  to  a  beam  in  the  ceiting,  an* 
turn  it  down,  so  that  the  metal  runs  into  the  mould  :  whi' 
another  man  stands  ready  with  the  strike,  and,  as  soon 
all  the  metal  is  poured  in  sweeps  it  forward  and  draws  the 
residue  into  a  trough  at  the  bottom,  which  has  been  prepa* 
red  to  receive  it.    The  sheet  Is  I  hen  rolled  up,  as  before* 

In   this   mode    of    operation,  the  table   inclines   in   i 
length  about  an  inch,  or  an  inch  and  a  half,  in  the  length  u 
sixteen  or  seventeen  feet,  or  more,  according  to  the  require 
thickness  of  the  sheets  ;  the  thinner  the  sheet  the  greatc 
the  declivity ;  and  vice  versa.    The  lower  end  of  the  mould 
is  &\m  left  opeUi  to  admit  of  the  superfluous  metal  being 
thrown  off. 

When  a  cistern  is  to  be  cast,  the  size  of  the  four  sides  is 
measured  out;  and  the  dimensions  of  the  front  having  been 
taken,  firi|>s  of  wood,  on  which  the  mouldings  arc  carved,  arc 
pressed  upon  the  sand.  Figures  of  birds,  beasts,  &,c,  are 
likewise  stamped  in  the  internal  area,  by  means  of  leaden 
moulds*  If  any  part  of  the  sand  has  been  disturbed  in 
doing  this,  it  ia  made  smooth,  and  the  process  of  casting 
goes  on  as  for  plain  sheets ;  except  that,  instead  of  rolling 
up  the  lead  when  cast,it  is  bent  into  four  sides,  so  that  the 
two  ends,  when  they  are  soldered  together,  may  be  joined 
at  the  back ;  the  bottom  is  afterwards  soldered  up. 

The  lead  which  lines  the  Chinese  tea-boxes  is  reduced 
to  a  thinness  which  our  plumbers  cannot,  ic  is  said,  ap« 
proach.  The  following  account  of  the  process  was  commu- 
nicated by  an  intelligent  East-lndiaui  in  a  letter  which  ap- 
peared in  the  Gentleman's  Magazine,    "  The  cabter  sits  by 
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a  pot,  contaiaiog  the  melted  tnelal,  and  has  two  large  stones, 
the  lower  one  fixed  and  the  upper  one  movable,  hariog 
their  surfaces  of  contact  ground  to  each  other,  directly  be- 
fore him.  He  raises  the  upper  atone  by  pressing  his  foot 
upon  its  sideband  with  an  imn  ladle  pours  into  the  opening 
a  sufficient  quantity  of  the  fluid  metal.  He  then  lets  fall 
the  ppper  stone,  and  thus  forms  the  lead  into  an  extrcnvely 
thin  and  irregular  plate,  which  is  afterwards  cut  into  its  re- 
quired form." 

Cast  sheet  lead,  used  for  architectural  purposes,  is  techni- 
cally divided  into  51b,  5ilb.  6lb.  6ilb^  71b.  7ilb.  81b.  and 
8^1b. ;  by  which  is  understood,  that  every  superficial  foot 
is  to  contain  those  respective  weights,  according  to  the  price 
agreed  upon. 

The  miKed  lead  used  by  plumbers  is  very  thin,  seldom 
cnntaining  more  than  51b*  to  the  foot*  it  is  by  no  means 
adapted  tu  gutters  or  terraces,  nor,  indeed,  to  any  part  of  a 
building  that  is  much  exposed  either  to  great  wear  or  to  the 
effects  of  the  sun*i>  rays :  in  the  former  case,  it  soon  wears 
away ;  in  the  latter,  it  expands  and  cracks*  It  is  laminated 
io  sheets  of  about  the  same  size  as  those  of  cast  lead,  by 
means  of  a  roller,  or  flatting* mill. 

Lead-pipes,  besides  the  various  ways  of  manufacture  dc- 
aoribed  in  page  362,  are  sometimes  made  of  sheet  lead,  by 
beating  it  on  round  wooden  cylinders  of  the  length  and 
dimensions  required,  and  then  soldering  up  the  edges. 

Solder  is  used  to  secure  the  joints  of  work  in  lead, 
which  by  other  means  would  be  impossible.  It  should  be 
eosicr  of  fusion  than  the  metal  intended  to  be  soldered,  and 
should  be  as  nearly  as  possible  of  the  same  colour.  The 
plumber  therefore  uses,  what  is  technically  called,  soft  sol- 
dtTj  which  is  a  compound  of  equal  parts  of  tin  and  lead, 
melted  together  and  run  in  to  moulds.  In  this  stale  it  is 
sold  by  the  manufacturer  by  the  pound. 

In  the  operation  of  soldering,  the  surfaces  or  edges  in- 
tended to  be  united  are  scraped  very  clean,  and  brought 
close  up  to  each  other,  in  which  state  they  are  held  by  an 
nssistant,  while  the  plumber  applies  a  little  resin  on  the 
joints,  in  order  to  prevent  the  oxidation  of  the  metal.  The 
heated  solder  is  then  brought  in  a  ladle  and  poured  on  the 
joint;  after  which  it  is  smoothed  and  ^nished  by  rubbing  it 
about  with  a  red-hot  soldering  iron,  and  when  completea  ia 
made  smooth  by  filing. 

In  the  covering  of  roofs  or  terraces  with  lead,  (the  sheets 
never  exceeding  six  feet  m  breadth,)  it  becomes  ucccuary  l& 
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Urge  surfaces,  to  have  joints ;  which  are  maongcd 
wap,  but  in  all,  the  chief  object  b  to  liave  tbem 
light.  The  best  plan  of  effecting  this,  is  to  form  Iffpi 
roll  jolDtii,  which  is  done  by  haviug  a  roll,  or  s^trip  of 
about  two  inches  itquarc,  but  rounded  op  its  upper  Mt^ 
nailed  under  the  joints  of  the  sheets,  where  the  edgct  Itf 
over  each  other ;  one  of  these  edg^ea  is  to  be  drcwed  iip 
over  the  roll  on  the  ini^ide,  and  the  other  is  to  be 
over  them  both  on  the  outside,  by  which  meaDS  the  wit 
is  prevented  from  penetrating.  No  other  fastening  is 
site  than  what  is  required  from  the  bammeritie  of  the  si 
together  down  upon  the  flat ;  nor  should  '^:  ft» 

fiorled  to,  when  sheet  lead  is  exposed  to  t  les  d 

the  weather;  because  it  expands  and  shrinks,  which,  if  pc^ 
vented  by  too  much  fastening,  would  cnuse  it  to  cndf  and 
rcome  useless.  It  sometimes,  however,  occurF,  (fam  rolb 
mnot  he  used,  and  then  the  method  of  joining  by  antou  It 
(resorted  to.  This  consists  in  simply  bending  ttieapfirod* 
linate  edges  of  the  lead  up  and  over  each  other,  and  th« 
diessing  them  down  cluse  to  the  flat,  tbroughoat  tbcr 
length.  But  this  Is  not  equal  to  the  roil^  either  for  tMBtOiM 
or  security. 

Lead  flats  and  gutters  should  always  be  laid  with  •  cor> 
rent,  to  keep  them  dry.  About  a  quarter  of  an  inch  to  the 
'foot  run  is  a  sufficient  inclination. 

In  laying  gutters,  &c.  pieces  of  milled-lead,  called  jCst/U 
1/)^^,  about  eight  or  nine  inches  wide,  are  fixed  in  the  vallt 
i\\  round  the  edges  of  the  sheet-lead,  with  which  the  flat  if 
(covered,  and  are  suffered  to  hang  dovrn  ot'er  f^iom   *'k  a*  t^i 
prevent  the  passage  of  rain  through  the  inters 
[the  raised  edge  and  the  wall.     If  the  walls  h; 
Viously  built,  the  mortar  is  raked  out  of  thr 
(bricks  next  above   the  edge  of  the  sheet,  ami   Lkc  tiui^* 
iings  are  not  only  inserted  into  the  crack  at  the  upper  SAdOf 
[but  their  lower  edges  are   likewise  dressed  over  tho$c  d 
the  lead   in   the  fiat,   or  gutter.    When   neither 
modes  can  be  resorted   to,  the  flushings  are   ^1 
wall-hooks,  and  their  lower  edgea  dressed  doirn  aa 
Drips  in  fiats,  or  gutters,  are  formed  by  raiatog 
above  another,  and  dressing  the  lead,  asalre^i  ' 
.for  covering  the  rolls.   They  are  resorted  to  \vl 
[or  flat,  exceeds  the  length  of  the  sheet;  or 

convenience.  They  arc  also  an  uscfoi  expcdiejj 
"ijUfig  the  joints. 
4   Sheet  lead  ib  a\%o\x?.^d  ml\Mt  UmtD^  ciC  vc^rvoiri^ 
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are  made  either  of  wood  or  masoDrj.  As  these  eoDvenl- 
eocei  are  seldom  in  places  sabjecl  to  material  change  of 
temperature,  recourse  may  be  bad  to  the  soldering,  witboQt 
fear  of  its  damaging  the  work,  by  promoting  a  dispositioa 
to  crack* 

The  pumps  which  come  onder  the  province  of  the  plum- 
ber, are  coufined  generally  to  two  or  three  kinds,  used  for 
domestic  purposes,  of  which  the  suction  acd  lilting  pumps 
are  the  chief :  these,  as  well  as  water-closets,  are  manufac- 
tured by  a  particular  set  of  workmen,  and  sold  to  the 
plumber,  who  furnishes  the  lead  pipes,and  fixes  them  in  their 
plaices. 

Plumber's  work  is  generally  estimated  by  the  pound,  or 
hundred  weight;  but  the  weight  may  be  discovered  by 
measurement,  iu  the  following  manner  :  sheet-lead  used  in 
roofing  and  guttering  is  commouly  between  seven  and 
twelve  pounds  to  the  square  foot ;  but  the  following  table 
exhibits  the  particular  weight  of  a  square  foot  for  each  of 
the  several  thicknesses. 


fTfaick- 

PoBOdstCM 

ThkkH 

PcmsdMp 

nets.  |«Kir.fl.  Li»eM. 

»  aqr,  a. 

AQ 

$.699 

.15 

8.S4S 

.11 

6w4a9 

.IS 

9.4S8 

T 

6.554 

i 

9-B31 

.1« 

7.or« 

.17 

lOX^ 

-k 

7.S7» 

.18 

10.618 

JS 

7.6W 

.19 

II.W7 

.14 

S.XSS 

H  11.797   1 

i 

8.4i7 

•fl 

1   14.387  1 

Tn  this  table  the  thickness  is  set  down  in  tenths  and  hnn- 
dredthfl,  Blc,  of  an  inch ;  and  the  annexed  corresponding 
onrobers  are  the  weights  in  avoirdupois  pounds,  and  thou*- 
sandth  part^*  of  a  pound ;  so  that  the  weight  of  a  square 
foot  of  1- 10th  of  an  inch  thick,  10-lOOths,  is  5  lbs.  aiid  899 
lhou*andth  parts  of  a  pound ;  and  the  weight  of  a  square 
foot  I -9th  of  an  inch  in  thickness,  is  6  pounds  and  654 
thousandths  of  a  pound.  Leaden  pipe  of  an  inch  bore,  is 
commonly  13  or  14  lbs.  to  the  yard  in  length. 


GLA2IXG. 

The  business  of  this  class  of  artificers  consists  in  putting 
glass  into  sashes  and  casements.  Glazier's  work  may  be 
diMed  under  three  distinct  heads,  sash*  work,  lead- work, 
and  fret-work. 


THfi   OPERATIVE   MECHANIC 

The  tools  requisite  for  the  performance  of  the  first  oft! 
^departments  are,  a    iamoiid,  a  ranging  lath,  a  short  Inth,  a 
riquarc,  a  rule,  a  g    ung-knifcj  a  catting- chisel,  a  beadinj 
[ibaDimer,  a  duster,     ,  i  sash-tool ;  and  in  addition,  for  sto] 
ping  in  squares,  a     icking- knife  and  hammer. 
►    The  diamond  is  t  speck  of  that  precious  stone,  polished 
\4o  a  cutting  point,  and  set  in  brass  on  an  iron  socket,  to  re- 
vive a  wooden  han*ic,  which  js  so  set  as  to  be  held  in  the 
f-hand  in  the  cutting- direction.    The  top  of  the  handle  goes 
between  thi*  root  o.  the  forc-fmger  and  the  middle  finger, 
and  the  hinder  part,  between  the  point  of  the  fore-ftnger 
and  thumb  ;  there  is,  in  gencrjil,  a  notch  in  the  side  of  the 
socket,  which  should  be  held  next  to  the  lath.    Some  dia- 
monds have  more  cuts  than  one.      Plough  diamonds  have 
square  nut  on  the  end  of  the  socket,  next  the  glass,  whicl 
,ion  running  the  nat  jquare  ou  the  side  of  the  lath,  keeps 
^io  the  cutting  direction. 

Glass  binders  have  these  plough  diamonds  without  loi 
handles,  as,  in  cutting  their  curious  productions,  they  cai 
not  apply  a  lath,  but  direct  them  by  the  point  of  their  mid-^ 
die  finger,  gliding  along  the  edge  of  the  glass. 

The  ranging  lath  must  be  long  enough  to  extend  rath< 
beyond  the  boimdar)*  of  the  table  of  glass. 

Ranging  of  glass  is  the  cutting  it  in  breadths  as  the  wpi 
may  require,  and  is  best  done  by  one  uninterrupted  cut  froi 
one  end  to  the  other. 

The  square  is  used  in  cutting  the  squares  H'om  the  ran[ 
that  they  may  with  greater  certainty  be  cut  at  right  angh 
The  glazing  knife  is  used  for  laying  in  the  putty  in  the 
bates  of  the  sash,  for  binding  in  the  glass,  and  for  Unishin) 
the  front  putty. 

Of  the  glass  used  in  building,  three  qualities  are  in  com- 
mon use,  denominated  best,  second^  and  tkird. 

The  best  is  that  which  is  the  purest  metal  and  free 
blemishes,  as  blisters,  specks,  streaks,  &c, ;  the  second 
inferior,  from  its  not  being  so  free  from  these  blemishes  ;  ai 
the  third  are  still  inferior,  both  in  regard  to  quality 
cok:^n^,  being  of  gi'eener  hue. 

They  are  all  sold  at  the  same  price  per  crate ;  but  tl 
number  of  tables  varies  according  to  the  quality.  B( 
twelve,  second  fifteen,  and  third  eighteen  tables. 

These  tables  are  c.  jular  when  mauufactured,  and  abo! 
four  feet  in  diametet,  having  in  the  centre  a  knot,  to  whicl 
in  the  course  of  the  process,  the  flashing  rod  was  fixed  j  bi 
for  the  safety  of  cairiage,  and  convenience  of  handling^ 
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well  as  utility  io  practice,  a  segment  '»  cut  off  about  four 
inches  from  the  knot.  The  large  piece  with  the  koot^  stil 
retains  the  name  of  tahle ;  the  smallt  piece  is  technically 
called  a  slab.  From  these  tables  bein  if  a  given  size,  it  it 
reasonable  to  suppose  that,  when  the  ♦  »ension8  of  square* 
are  such  as  cut  the  glass  to  waste,  th  jjrice  should  be  ad- 
vanced. 

A  superior  kind  of  glass  may  be  obtained  at  some  of  the 
first  houses  in  London^  which  is  very  flat,  and  of  lar^e  di- 
mensions ;  some  of  it  being  2  feet  8  inches  by  2  /eet  1 
inch  ;  these  arc  sold  only  in  squares- 
Rough  glass  is  well  adapted  to  baths,  and  other  places  of 
privacy ;  one  side  is  ground  with  emery  or  sand,  so  that  no 
objects  can  be  ieen  through  it,  tbo»  ^h  the  light  be  sti-ll 
transmitted. 

The  glass,  called  German'sheet^  is  tif  a  superior  kind,  as 
it  can  be  bad  of  much  larger  dimension?*  than  common  glass  ; 
it  is  also  of  a  purer  substance,  and  for  Lhcee  reasons,  is  fre- 
quently appropriated  to  |>icturc  frames.  Squares  may  bt- 
had  at  the  astoiiishing  size  of  3  feet  B  inches,  by  3  feet  1  inch. 
And  3  feet  10  inches  by  2  feet  8  inches,  and  under. 

The  glass  is  first  blown  in  the  form  of  a  globe,  and  after- 
wards flatted  in  a  furnace,  in  consequence  of  which  it  hrus  a 
very  forbidding  appearaiice  from  the  outside,  the  surface 
being  uneven. 

Plate-glass  is  the  most  superior  in  quality,  substance, 
and  flatness,  being  cast  in  plates,  aud  polished.  The 
quantity  of  metal  it  contains,  must  be  almost,  if  not  al 
together,  colourless  ;  that  sort  which  is  tinged  being  of  an 
inferior  quality.  Plate-glass  when  used  in  sashes,  is  pe- 
culiarly magniHccnt ;  and  it  can  be  had  of  larger  dimen- 
gions  than  any  other  kind  of  glass. 

8tained-glass  is  of  dilTcrcnt  colours,  as  red,  orange,  yel- 
low, green,  blue,  and  purple. 

These  coloure  arc  fixed  by  burning,  and  are  as  durable  as 
the  glass. 

Glass  can  be  bent  to  circular  sweeps,  which  is  much  used 
in  London  for  8ho[)  windows,  and  in  carried  to  great  per- 
fection in  ctjvrrs,  for  small  pieces  of  statuary,  &c. 

The  application  of  stained  glass  to  the  purposes  of  glazing 
is  called  fret-tmrk.  This  description  of  work  consists  of 
working  ground  and  stUiucd  glass,  in  tine  lead,  into  different 
patterns.  In  many  cases  family  arm  and  other  devices  arc 
worked  in  it.  It  is  a  branch  capable  jf  great  improvement ; 
but  at  present  is  much  neglected.    Old  pieces  are  very  much 
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esteemed,  though  the  same  expense  would  furuish  etc 
modern  productions.    They  arc  pluccd  in  halis  and  stair*] 
case  windows,  or  in  some  particular  church  windows.     In 
many  instances  they  are  introduced  where  there  is  an  un- 
pleasant aspect,  in  a  place  of  particular  or  genteel  resort. 

Lead- work  is  used  in  inferior  offices,  and  is  in  general 
practice  all  through  the  country.     Frames  intended  to  re- 
ceive these  lights  are  made  with  bai^s  across^  to  which  tlia^ 
lights  arc  fastened  by  leaden  bars,  called  saddle  bars  ;  an( 
where  openings  are  wanted,  a  casement  is  introduced  either] 
of  wood  or  iron.     Sooietimes  a  sliding  frame  answers  tl 
same  purposes.     Church  windows   are  generally  made 
this  manner,  in  quarries  or  in  squares. 

The  tools  with  which  this  work  is  performed  are,  in  ad- 
dition to  tiie  foregoing,  lis  follow  : —  ^d 

A  vic^,  with  ditferent  checks  and  cutters,  to  turn  out  the^| 
ditlerent  kinds  of  lead  as  the  magnitude  of  the  window  or 
llic  squares  may  require. 

The  Gennan  vices,  which  are  esteemed  the  best,  are 
furnished  with  moulds,  and  turn  out  lead  in  a  variety  of 
sizes.  The  bars  of  lead  cast  in  these  vices  arc  received  by 
the  mill,  which  turns  them  out  with  two  sides  parallel  to 
each  other,  and  about  i  of  an  inch  broad,  with  a  partition 
connecting  the  two  sides  together,  about  J  of  an  inch  widejM 
forming  on  each  side  a  groove,  nearly  Vr  by  |  of  an  incbjfl 
and  about  6  feet  long. 

Besides  a  vice  and  moulds  there  are  a  setting-hoard^  latter* 
kiiu  netting' knife f  resin-hox  tin^  glazing-irons ^  and  cUpg* 

The  setting-hoard  is  that  in  which  the  ridge  of  the  light 
is  marked  and  divided  into  squares,  struck  out  with  a  chalk 
line,  or  drawn  with  a  lath,  which  serves  to  guide  the  work- 
men. One  side  and  end  is  squared  with  a  projecting  bead 
or  fdlet. 

The  latterkin  is  a  piece  of  hard  wood  |K>inted,  to  niu  in 
the  groove  of  the  lead,  and  widen  it  for  the  easier  reception 
of  the  glass. 

The  setting-knife  consists  of  a  blade  with  a  round  point, 
loaded  with  lead  al  the  bottom  and  terminating  in  a  long 
square  handle.  The  square  end  of  the  handle  serves  to 
•force  the  square  of  glass  tight  in  thu  lead.  All  the  inter- 
sections are  soldered  on  both  sides »  except  the  outside 
joints  of  the  outer  sides,  that  is,  where  they  come  to  the 
outer  edge.  These  lights  should  be  cemented  by  pouri 
thill  paint  along  the  lead  bars,  and  filling  up  the  chasms  wi 
dry  whiting,  to  which,  after  the  oil  in  the  paint  lias  s 
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Icreted  •  little,  a  little  more  diy  whitio^j  or  white  lead, 
Imo&t  be  added.  This  will  dry  bard,  aud  rtmt  the  action 
[oi  the  atmosphere. 

MENS  UB  ATI  ON    OF  OLAZIERB*   WORK. 

Glaztcrs'  work  i^  measured  by  superficial  feet,  aijd  the  di- 
iTtensions  are  taken  in  feet,  tenths,  &c.     For  this  purpose, 

» their  rules  are  generally  divided  into  decimal  pails,  and 
their  dimensions  squared  according  to  decimals.  Circular, 
or  oval  windows  arc  measured  as  if  they  were  rectangular  ; 
because  in  cutting  squares  of  glass  there  is  a  very  great 
waste,  and  more  time  is  expended  than  if  the  window  had 
been  of  a  rectangular  form. 


PAINTING, 

'As  applied  to  purposes  of  building,  is  the  application  of 
artificial  colours,  compounded  either  w*ith  oil  or  water,  in 
embellishing  and  preserving  wood,  fitc* 

This  branch  of  painting  is  termed  economical,  and  applies 
more  immediately  to  the  power  which  oil  and  varnishes  pos- 
sess, of  preventing  the  action  of  the  atmosphere  upon 
wood,  iron,  and  stucco,  by  interposing  au  artificial  surface  ; 
but  it  is  here  intended  to  use  the  term  more  generally,  in 
allusion  to  the  decorative  part,  and  as  it  is  employed  by 
the  architect,  throughout  every  part  of  his  work,  both  ex- 
ternally  and  iiitemally. 

In  every  branch  of  painting  in  oil,  the  genera!  processes 
are  very  similar,  or  with  such  variations  only,  as  readily  oc- 
cur to  the  workman. 

The  first  coatings,  or  layers,  if  on  wood  or  iron,  ought  al- 
ways to  be  of  ceruse  or  wliite  lead,  of  the  best  quality,  pre- 
viously grouutl  very  fine  in  nut  or  linseed  oil,  either  over  a 
•tone  with  a  mullcr,  or,  as  that  mode  is  t4>o  tedious  for 
large  quantities,  passed  through  a  mill.  If  used  on  shut- 
ters, dcioi's,  or  vvaiascottings,  made  of  fir  or  deal,  it  is  very 
requisite  to  destroy  the  effects  of  the  knots  ;  which  aie  ge- 
ticruliy  so  completely  saturated  with  turpentine,  as  to 
render  it,  |Kn*haps,  one  of  the  most  difficult  processes  iu 
tills  business.  The  best  mode,  in  common  eases,  is,  to  pass 
a  brush  over  the  knots,  with  ceruse  ground  in  water,  bound 
by  a  size  made  of  parchment  or  glue  j  when  that  is  dry, 
paiut  the  knots  with  wliite  lead  ground  in  oil,  to  which  add 
itf me  powerful  siccative^  or  dryer,  as  red  lead,  or  litharge  of 
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lead  ;  about  oue-fourlli  part  of  the  latter*    These  must 
laid  very  smoothly  in  the  direction  of  the  grain  of  the  wood. 
When  the  last  coat  is  dr\',  smooth  it  with  pumice-ston^ 
or  give  it  the  fii-^t  coat  of  paint,  prepared  or  dihued  witl 
nut  or  linseed  oil  ;  after  which,  when  sufficiently  dry,   all 
the  nail- holes  or  other  irregularities  on  the  surface,  must 
carefully  stopped  with  a  comiK)sition  of  oil  and  Span: 
white,  commonly  known  by  the  name  of  putty.    The  work* 


most  then  be  again  painted  with  white  lead  and  oil,  some 
what  diluted  with  the  essence  of  oil  of  turpentine,  which  prtj 
cess  should,  if  the  work  be  intended  to  be  left  of  a  phiii 
white,  or  stone  coloor,  be  repeated  not  less  than   three  or 
four  times ;  and  if  of  the  latter  coloui*,a  small  quantity  of  ivory^ 
or  lamp-black  s^hould  be  added.     But  if  the  work  is  to  b^H 
finished   of  any   other  colour,   either  grey,  green,   &c.  r^* 
will  be  refjuisitc  to  provide  for  such  colour,  after  the  third 
operation,  particularly  if  it  is  to  be  finished  flat,  or,  as  lh< 
painters  style  it,  dead  whitCj  grey,  fawn,  &c.     In  onlcr 
finish  the  work  flatted  or  dead,  which  is  a  mode  much  lo  h< 
preferred  for  all  superior  works,  not  only  for  its  appeal 
ance,  but  also  for  preserving  the  colour  and  purity  of  tin 
tint,  one  coat  of  the  flatted  colour,  or  colour  mixed  u| 
with  a  considerable  quantity  of  turpentine,  will  be  found 
suilicient ;  although  in  large  surfaces  it  will  frequently  be 
requisite  to  give  two  coats  of  the  flatting  colour,  to  niakc  it 
quite  complete.    Indeed,  on  stucco  it  will  be  almost  a  ge^H 
tieral  rule.  ^| 

In  all  the  foregoing  operations,  it  must  be  observed  that, 
some  sort  of  diyer  is  absolutely  requisite ;  a  vciy  genera^— 
and  useful  one  is  made  by  grinding  in  linseed,  or,  perhap^H 
prepared  oils  boiled  are  better,  about  two  parts  of  tlie  bes^* 
white  copperas,  which  must  be  well  dried  with  one  [lart  of 
litharge  of  lead  :  the  quantity  to  be  added,  will  much  de- 
pend on  the  dryness  or  humidity  of  the  atmosphere,  at  the 
time  of  paiiiting,  as  well  as  the  local  situation  of  the  build* 
ing.     It  may  here  be  noticed,  that  there  is  a  sort  of  cop* 
peras  made  in  England,  and  said  to  be  used  for  some  pur- 
poses in  medicine,  that  not  only  docs  not  assist  the  opera- 
tion of  drying  in  the  colours,  but  absolutely  prevents  thos 
colours  drying,  which  would  otherwise  have  done  »o 
the  absence  of  this  copperas. 

The  best  dryer  for  all  fine  whites,  and  other  delicate  tint! 
is  sugar  of  lead,  ground  in  nut  oil,  but  being  very  active^ 
small  quantity,  about  the  size  of  a  walnut,  v\'ill  be  sullicicut 
for  twenty  pounds  of  colour,  when  the  basis  is  whiti 
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It  will  bo  alvea^-B  necessary  to  caotion  painters  to  keep  their 
ttteusils,  brushes^  &c.  very  clean,  as  the  colour  would  other- 
wise soon  become  very  foul,  so  as  to  destroy  the  surface  of 
the  work.  If  thb  should  happen,  the  colour  must  be  pass- 
ed through  a  fine  sieve,  or  canvass,  and  the  surface  of  the 
work  be  carefully  rubbed  down  with  sand-paper,  or  pumice- 
stone  :  the  latter  should  be  ground  in  water,  if  the  paint  be 
tender,  or  recently  laid  on.  '  The  al>ove  may  suffice  as  to 
painting  on  wood,  either  on  inside  or  outside  work,  the 
former  being  seldom  finished  otherwise  than  in  oil :  four  or 
five  coats  are  generally  sufficient. 

It  does  not  appear  that  piunting  in  oil  can  be  serviceable 
in  stucco,  unless  the  walls  have  been  erected  a  sufficient 
time  to  permit  the  mass  of  brick-work  to  have  acquired  a 
sufficient  degree  of  dryness.  When  stucco  is  on  battened 
work,  it  may  be  painted  over  much  sooner  than  when  pre* 
pared  on  brick.  Indeed,  the  greatest  part  of  the  art  of 
painting  stucco,  so  as  to  stand  or  wear  well,  consists  in  uU 
tending  to  these  observations,  for  whoever  has  obser>'ed  the 
expansive  power  of  water,  not  only  in  congelation,  but  als^i 
in  evaporatioD,  most  be  well  aware  that  when  it  meets  with 
any  foieicB  body,  obstnicdng  its  escape,  as  oil  painting,  for 
inatiince,  il  immediately  resists  it,  formii^  a  nombo'  of 
vesicles  orpaftides,  containing  an  acrid  lime-water,  which 
forces  off  the  kyen  of  plaster,  and  frequently  caoses  large 
defective  paccfaea,  not  easily  to  be  eradicated. 

Perhaps,  m  matnX  cases^  where  persons  are  baildiag  on 
their  own  csta&»,  or  for  themselves,  two  or  three  yean  are 
■ot  too  k*g  te  furffer  the  stucco  to  remain  unpainted, 
though  freqaiiagfT,  m  spemlative  works,  as  many  week*  are 
iOBcriy  alk^wv^il'eo  pass. 

Ilie  fofercmr  preeaatkifH  being  attended  lo,  there  can  be 
DO  better  nKle  adopced  for  priming,  or  laying  on  the  first 
ouat  OB  sOKoot,  than  by  linsml  or  not-otl,'boiied  with  dry- 
en,  as  before  mentioQed  ;  taking  care,  in  all  caaea,  not  to 
lay  oo  too  much,  io  aa  to  render  the  f  arface  rcogfa  aiid  irre- 
^olar,  mA  ufA  OMre  than  the  \tmxf>  wSL  absorb.  It  should 
then  be  cowered  widk  three  or  four  coaL«c^  white- kadypnEr- 
aOow- 


parad  aa  descnbed  for  parnring  on  waioacoctiB^ 
mg  eadi  <nac  a  «fi&iecc  'tme  to  dry  hard.  If  time  wiB 
penm,  twr,  nt  titree  ^km  befeeii  each  byer,  wHI  be  ad- 
pantacefiiw.  Waen  tee  4Cijco>  is  mfjtc^i  w  h^  fi&iifthed  m 
my  cms  -iac,  j^  ?^t  ^^*^  iieen.  fe- :'  wHI  dbea  be  pfo» 
XTy  abMa  Hut  tftzrd  km:  of  pagnmg,  Vj  jfeeoare  ^ae 
brtacft  :aiiL  "^aiuehc  adracbcetffwirete*^/  Grey  b 
'       2   T 
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with  white- lead»  Prussian-blne,  ivory*blaek,  aiid  lake;  sage- 
green,  pea,  and  seagreena,  with  white,  Prussian-blue,  and 
fine  yellows;  apricot  and  peachy  with  lake,  white,  and 
Chinese  vermilion;  fine  yellow  fawn  colour  with  burnt 
terra  sienna,  or  umber  and  white ;  and  olive- greens  with  fined 
Prussian-blues^  and  Oxfordshire  ochre. 

Distemper,  or  painting  in  water  colours,  mixed  with 
size,  stucco,  or  plaster,  which  is  intended  to  b^  painted  in 
oil  when  finished,  but  not  being  sufficiently  dry  to  receive 
^he  oil,  may  have  a  coating  in  water  colours,  of  any  given 
tint  required,  in  order  to  give  a  more  finished  appearance  to 
that  part  of  the  building.  ^  Straw  colours  may  be  made  with 
French  whites  and  ceruse,  or  white  lead  and  roasticoty  or 
Dutch  pink.  Greys,  full,  with  some  whites  and  refioer^s 
verditer.  An  inferior  grey  may  be  made  with  blue-blad^ 
or  bone-black  and  indigo.  Pea-greens  with  French  green, 
Olympian  green,  &c.  Fawn-colour  with  burnt  terra  de 
sienna,  or  burnt  umber  and  white,  and  so  of  any  interme- 
diate tint.  The  colours  should  all  be  ground  very  fine,  and 
mixed  with  whiting  and  a  size  made  with  parchment,  or 
9ome  similar  substance.  Less  than  two  coats  will  not  be 
sufficient  to  cover  the  plaster,  and  bear  out  with  an  uniform 
lippearance.  It  must  be  recollected,  that  when  the  stncco 
is  sufficiently  dry,  and  it  is  desirable  to  have  it  painted  in 
oil,  the  whole  of  the  water-colours  ought  to  be  removed, 
which  may  easily  be  done  by  washing,  and  when  quite  dry, 
proceed  with  it  after  the  direction  given  on  oil-painting  in 
stucco. 

If  old  plastering  has  become  disfigured  by  stains,  or  other 
blemishes,  and  it  be  desired  to  have  it  painted  in  distem- 
per, it  is,  in  this  case,  advisable  to  give  the  old  plastering, 
when  properly  cleaned  off  and  prepared,  one  coat,  at  least, 
pf  white-lead  ground  in  oil,  and  used  with  spirits  of  tur- 
pentine, which  will  generally  fix  old  stains ;  and,  when  quite 
dry,  take  water-colours  very  kindly, 

MENSURATION    OF   PAINTERS*  WORK. 

Painters'  work  is  measured  by  the  yard  square,  and  the 
dimensions  aic  taken  in  feet,  inches,  and  tenths.  Every 
part  which  the  brush  has  passed  over  is  measured,  conse- 
quently the  dimensions  must  be  taken  with  a  line,  that  girts 
over  the  mouldings,  breaks,  &c.  All  kinds  of  ornamental 
work  produces  an  extra  price,  according  to  the  nature  of 
tb«  imitations,  &c.  Carved  work  is  also  valued  according 
tQ  the  time  taken  in  painting  it 
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UAIL-ROADS 


LocoMorn^E  engines. 


flD8T  the  various  speculations  of  the  day,  perhaps  none 
LVc  more  deservedly  excited  the  publie  interest  than  that 
of  the  numerous  projected  lines  of  rail-road  for  diuiinish- 
lli^  the  friction  of  carriages,  and  for  propelling  carriages  on 
"lem  by  either  gas  or  steam  power. 
The  lessening  the  friction,  produces  a  consequent  dimijiu* 
►n  in  the  power  which  otherwise  would  be  required  to 
ropel  a  given  weight ;  and  therefore,  is,  in  a  commercial 
Ltion,  like  that  of  the  united  kingdom,  a  subject  worthy  of 

highest  consideration. 
Railways  were  originally  made  of  wood,  and  appear  to 
ive  been  first  introduced  between  the  river  Tyue  and  some 
the  principal  coal-pits,  as  early  as  the  year  1680,    The 
ircity  of  this  material,  and  the  expense  of  frequent  re- 
soon   suggested  an   idea    that  iron  might  be  more 
itageously  employed.     At   first,  flat  rods  of  bar-iron 
nailed  upon  the  original  wooden  rails,  or,  as  they  were 
Ically  called,  sleepers;  which,   though  an  expensive 
I,  was  found  to  be  a  great  improvement.     But  as  the 
»d  on  which  these  rested  was  liable  to  rot  and  give  way, 
railings  were  soon  after  superseded  by  others  made 
ly  of  iron, 
lese  tram  or  rail-roads  have,  for  a  considerable  length 
of  time,  been  much  used  in  the  colliery  and  mining  districts; 
and  some  few  have  been  carried  from  one  town  or  manufac- 
iri ng  district  to  another.    The  principal  of  these  latter  in 
;land  and  Wales  ai*e,  the  Cardiff  and  Merthyr,  26J  miles 
ing,  running  near  the  Glamorganshire  canal  5  the  Caer- 
*hen  ;  the  Lexhowry,  28  miles,  in  the  counties  of  Mon- 
louth  and  Brecknock  ;  the  Surrey  26  miles  5  the  Swansea, 
miles  ;  one  between  Gloucester  and  Cheltenham  ;  besides 
^•everal  in  the  north  of  England. 

R4iiirays  arc  of  two  kinds,  arising  fr«m  the  dispoi^itlout^ 
2t2 
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the  flanch  that  is  to  guide  the  wheels  of  the  carriage,  and 
prevent  it  from  running  off  the  rail.  In  the  one,  the  flanch 
18  at  right  angles,  and  of  one  piece  with  the  flat  surface  of 
the  rail :  in  the  other,  the  flat  surface  of  the  rail  is  raised 
above  the  level  of  the  ground,  and  the  flanch  is  flxed  on  the 
wheel  of  the  carriage,  at  right  angles  to  the  tyre,  or  iron 
placed  on  the  circumference  of  the  wheel,  to  strengthen  it. 
Beside  these,  another  kind  of  railway  has  "lately  been  intro- 
duced by  Mr.  Palmer,  which  consists  of  a  single  rail,  sup- 
ported some  height  from  the  surface  of  the  ground  :  on  this, 
two  wheels  confined  in  sufficient  frame-work,  are  placed, 
suspending  the  load  equally  balanced  on  either  side.  This 
arrangement  certainly  seems  to  ensure  the  grand  principle 
of  lessening  friction,  and  doubtless  will,  in  many  situations, 
be  found  a  great  improvement. 

Previously  to  entering  upon  the  probable  advantages  like- 
ly to  result  from  a  general  introduction  of  railways,  we 
shall  give  the  substance  of  the  specification  of  a  patent,  ob- 
tained in  Sept.  1816,  by  Messrs.  Losh  and  Stephenson,  both 
of  whom  are  well  known  to  those  interested  in  the  subject. 

These  gentlemen  preface  a  description  of  their  method  of 
fiEu;ilitating  carriages  along  tram  and  railways,  with  an  ob- 
servation, that  there  are  two  kinds  of  railways  in  general 
use  ;  the  one  consisting  of  bars  of  cast  iron,  generally  of 
the  shape  of  that  described  by  a,  fig.631 ,  the  other  of  the 
shape  of  that  described  by  figs.  630  and  631 .  That  shewn  at  a, 
fig.  629,  is  known  in  different  situations  by  the  denomina- 
tion of  the  edge  rail,  round-top  rail,  fish-backed  rail,  &c. 
That  shewn  at  figs.  632  and  633,  by  the  denomination  of 
the  plate-rail,  tram-way  plate,  barrow-way  plate,  &c.  The 
first  we  shall  distinguish  by  the  name  of  the  edge  railway  y 
the  second,  by  that  of  the  plate  railway. 

In  the  construction  of  edge  railways,  Messrs.  Losh  and 
Stephenson's  objects  are,  first,  to  fix  both  the  ends  of  the 
rails,  or  separate  pieces,  of  which  the  ways  are  formed, 
immovable,  in  or  upon  the  chairs  or  props  by  which  they 
are  supported.;  secondly,  to  place  them  in  such  a  manner, 
that  the  end  oif  any  one  rail  snail  not  project  above  or  fall 
below  the  correspondent  end  of  that  with  which  it  is  in  con- 
tact, or  with  which  it  is  joined;  thirdly,  to  form  the  join- 
ings of  the  rails,  with  the  pedestals  or  props  which  support 
them,  in  such  a  manner,  that  if  these  props  should  vary 
from  their  perpendicular  position  in  the  line  of  the  way, 
(which  in  other  railways  is  often  the  case)  the  joinings  of 
the  rails  with  each  other  would  remain  as  before  such  varia- 
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tfOfi,  and  so  that  the  rails  shall  hear  upon  the  pmps  as  firm- 
ly as  before.  The  formation  of  the  rails  or  plates  of  which 
a  plate  railway  consists,  being  different  from  the  rails  of 
which  the  edi<e  railways  are  composed,  they  are  obliged  to 
adopt  a  different  nianner  of  joining  them,  both  with  each 
other,  and  with  the  props  and  sleepers  on  which  they  rest. 
But  in  the  joining  these  rails  or  plates  npon  their  chairs  and 
sleepers,  they  fix  them  down  immovably,  and  in  such  a 
manner  that  the  end  of  one  rail  or  j)late  does  not  project 
above,  or  fall  below  the  end  of  the  adjoinioi?  plate,  so  as  U) 
present  an  obstacle,  or  cause  a  shock  to  the  wheels  of  the 
carriages  which  pass  over  them,  and  they  also  form  the 
Jennings  of  these  rails  or  plates  in  such  a  njarmer  as  to  pre* 
vent  the  possibility  of  the  nails,  which  are  employed  in 
fixing  them  in  their  chairs,  from  starling  out  of  their  places 
from  the  vibration  of  the  plates,  or  from  other  causes. 

In  what  relates  to  the  locomotive  engines  and  their  car- 
riages, which  may  be  employed  for  conveying  goods  or 
materials  along  edge  railways  or  plate-railways,  or  for 
propel  Hog  or  drawing  after  them  the  carnages  or  waggons 
cuiphm'd  for  that  puq>ose,  their  invention  consists  in  sus- 
taining the  weight,  or  a  proportion  of  the  weight,  of  the 
engine,  upon  pistons,  movable  within  cylinders,  into  which 
tbu  steam  or  the  water  of  the  boiler  is  allowed  t*)  enter,  in 
order  to  press  upon  such  pistons  ;  and  which  pistons  are,  by 
ihe  intervention  of  certain  levers  and  connecting  rods,  or 
by  any  other  effective  contrivance,  made  to  bear  upon  the 
ftxtea  of  the  wheels  of  the  carriage  npon  which  the  engine 
In  t!ic  formation  of  the  wheels  it  is  their  object  to 
truct  them  in  such  a  manner,  and  to  form  them  of  such 
malenals,  as  shall  make  them  more  durable  and  less  e^- 
peufiive  in  the  repairs  than  those  hitherto  in  use.  This  is 
Bccomplished  by  forming  the  wheels  either  with  s|)okos  of 
malleable  iron,  and  with  cast  iron  rims,  or  by  making  the 
wlieels  and  spokes  of  cast  iron,  with  hoops,  tyres,  or  trods, 
of  malleable  iron,  and  in  sonte  instances,  particularly  for 
Is  of  very  small  diameters,  instead  of  spokes  of  malleji^ 
IjIc  iron,  cni ploying  plates  of  malleable  iron,  to  form  the 
n  net  ion  between  the  naves  and  the  cast  iron  rims  of  the 
wheels. 

The  ad%*antages  gained  by  this  method   of  congtructiug 
railways  are,  first,  that  the  separate  pieces  of  which  they 
consist  are,  cmteris  parihnsy  rendered  by  this  mode  of  joininff 
them,  capable  of  sustaining  a  much  heavier  pressure  tfc 
Uio»e  which  are  joined  in  the  usual  way,   Sccoodlyi  by  i 
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mode  of  joining  rhe  rails,  they  remove  the  liability  to  which^ 
mils  joined  in  the  usual  plan,  (where  the  end  of  one  rail 
seldom  in  the  same  plane  willi  the  eorrespontlent  end  of  t\ 
next)  arc  exposed,  of  receivings  blows  and  shocks  from  th< 
carriages  which  move  over  them,  and  to  which  blows  an( 
shocks  the  great  breakage  which  often  occurs  in  railway 
when  not  made  of  c'lornious  weis^ht,  may  generally  be  n 
ferrcd ;  and  as  action  and  re-action  are  mutual  and  coi 
trary,  if  they  prevent  the  communication  of  shocks  to  \] 
rails,  they  at  the  sanie  time  preserve  the  wheels,  the 
riagesj  and  engines  which  move  over  them,  from  the 
action  which  is  often  destructive  to  them.    As  the  centre 
gravity  in  a  loaded  coai-wage^on    is,  from  its  shape,    m\ 
elevated,  there  is  generally  a  great  waste  of  coal   from  iN 
shaking  of  the  wagsfons,  to  which  that  circumstance  (tl 
position  of  the  centre  of  gravity)  makes  them  more  liabh 
when  they  encounter  obstacles,  as  they  do  at  the  JDUctioi 
of  almost  every  two  rails  on  the  common  railways.      Oi 
Losh  and  Stephcnson^s  railways,  the  loss  thus  arising  is 
if  not  enlirely  prevented,  at  least  considerably  diminishe* 
by  the  steady  and  regular  motion  of  the   waggons.     The" 
usual  method  of  fixing  down  the  plates,  of  which  the  plate 
railways   employed  in   coal-mines,  and  there  called   trai 
and  rolley-wiiys,  are  formed,  is  by  a  single  nail,  nearly 
each  tml  of  each  plate ;  which  nail  passes  through  a  liolc  in 
the  plate,  an<l  fixv^  it  to  a  sleeper  of  wood.    These  nuih 
from  the  vibration  of  the  plate,  or  the  motion  of  the  sleepci 
or  some  other  cause,  generally  very  soon  start  up,  and  coi 
secpiently  the  plates  work    loose,  and  very   frequently  tW 
nails  come  entirely  out.     The  delay  of  work,  the  bi'cakaj 
of  plates,  wheels,  &c.  and  the  injury  which  the  horses  rei 
ccive  from  the  loose  nails  which  result  from  the  mode 
fixing  the  plate  railways,  arc  generally  complained  of,  an( 
therefore  the  advantages  of  apian  which  will  remove  the? 
inconveniences  must  l3e  apparent. 

When    locomotive   steam-engines   are  employed  as  tl 
moving  or  propcUing  power  on  railways,  these  gcntlemei 
have,  from  mucii  practice,  found  it  of  the  utmost  impoi 
tance,  that  they  should  move  steadily,  and  as  free  as  possh 
ble  from  shocks   «>r  vibrations,  which  have  the  effect 
deranging  the  working  parts  of  the  machinery,  and  lessenii 
their  power.     It  is  therefore  to  produce  that  steadiness 
moticni,  and  to  prevent  the  engines  troni  receiving  shocks 
and  to  preserve   their  erjniiil>rium,  that  thoy  employ  th( 
*loHtiiig  pistons,  which,  ficling  on  an  clastic  fluid,  pr^nkicl 
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the  desired  effect  with  much  more  accuracy  than  could  be 
obtained  by  employine^  the  tinest  springs  of  steel  to  suspend 
the  engine.  The  wheels  which  are  constructed  on  this  plan 
will  be  found,  when  compared  with  those  already  in  use 
(the  weights  of  both  beiug  equal)  to  be  more  durable  ;  for 
the  arms,  when  made  of  malleable  iron,  being  infniitely 
less  liable  to  be  broken  l>y  shocks  or  concusiiions,  than 
those  of  cast  iron,  may  be  of  less  weight,  ajid  in  fewer 
numbers,  so  that  the  excess  of  weight  of  the  extra  arms  of 
the  cast  iron  wheels  may  be  applied  on  the  rims  of  these 
wheels,  and  tlius  add  to  the  substance  of  that  part  which 
alone  suffers  from  the  friction  of  the  rails.  The  rims  of 
wheels  thus  constructed,  can  also  be  case-liavdeued  without 
of  breaking,  cither  in  cooling  or  afterwards,  which  is 
the  case  when  wheels  are  cast  in  one  piece.  The  ad- 
fe  of  hooping  cast  iron  wheels  with  malleable  iron 
or  trods,  is,  that  when  such  tyres  or  trods  are  worn 

irough,  they  can  very  easily  be  replaced  at  a  small  expense, 
and  that  the  tyre,   which  is  not  liable  to  brciik,  receiving 
shocks  from  the  re-action  of  the  rails,  preserves   the 
K-iron  wheel,  by  considerably  lessening  the  effect  uf  such 

►cks  on  the  cast  metal. 

As  it  is  perhaps  impossible  to  cast  the  bars  or  plates  of 
nietal  of  which  railways  and  plate-ways  arc  composed  per- 
fectly straight,  and  correctly  even  and  smooth  on  their  sur- 
faces, and  ec[ually  difficult  to  fit  the  joints  with  mathema- 
tical accuracy,  the  wheels  of  the  engines  and  waggons  will 
always  have  some  inequalities  and  obstacles  to  encounter. 
From  these  circumstances,  therefore,  Messrs.  Losh  and 
Stephenson  arc  induced  to  employ  the  improvements  which 
they  have  made  in  the  construction  of  the  locomotive  en- 
gine, and  in  the  wheels  of  carriages  upon  edge  railways 
and  plate  railways,  constructed  according  to  their  own 
plans ;  but  it  is  apparent  that  their  adoption  on  the  rail  and 
pkte-ways  on  the  usual  construction,  is  of  still  more  im- 
portance. 

They  therefore  claim  as  a  method  of  facilitating  the  con- 
veyance of  goods,  and  all  manner  of  materials  along  edge 
nulwaya  or  plate  railways,  the  use  of  any  of  the  plans 
they  have  described  singly,  as  well  as  the  whole  of  them 
collectively.  They  have  no  hesitation  in  saying,  that  on  a 
railway  constructed  on  their  plan,  antl  with  a  locomotive 
engine  and  carriage-wheels  oti  their  principle,  the  expe- 
dition with  which  goods  can  be  conveyed  with  safety, 
be  increased  to  nearly  double  the  rate  with  which  the 
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at  present  usually  taken  along  railways,  and  with  leA 
interruption  from  the  breakage  of  wheels,  rails,  &c.  than 
^t  present  occurs,  and  with  much  less  injury  to  the  work- 
ing parts  of  the  engine. 

In  order  that  their  specification  may  be  more  clearly  un<« 
derstood,  we  have  annexed  a  schedule  of  drawings, 

Fip.  699  represents  a  long^itudinal  view  of  the  locomotive  engine  on 
the  edg'C  railway,  a  a  a,  are  the  cylinders  containing  the  floating  piBtoat 
6  b,  which  are  more  fully  described  in  the  next  fif^re. 

Fign  630  represents  a  croas  section  of  Fig-.  629,  at  the  middle  cylio- 
icrs  a,  a ;  b  b  are  the  floating  pistons,  connected  with  the  wrought  inm 
rods  c  c,  the  ends  of  which  rest  upon  the  bearing  brasses  of  the  axles  of 
4he  wheels  d  d,    lliese  pistons  press  eoually  on  all  the  atles,  and 


each  of  the  wheels  to  press  with  an  e<^uai  stress  upon  the  rails,  and  to  act 
upon  them  with  an  equal  degree  of  friction,  although  the  rails  should  not 
m  be  in  the  same  plane,  for  the  bearing  brasses  have  the  liberty  of 
moving  in  a  perpendicular  direction  in  a  grpore  or  slide,  and,  carrying 
the  axles  and  wheels  along  with  them,  force  the  wheels  to  arconmiodate 
themtelves  to  the  inequalities  of  the  rail-way. 

Fig.  634k  is  a  view  of  the  wheel,  with  wrought  iron  anas,  amamaa 
show  how  the  arms  are  cast  in  the  nave  b  6,  ana  dropped  into  the  mortise 
holes  eeeccc  in  the  rim,  which  are  dovetailed,  to  suit  the  dovetailed 
ends  of  the  arms  ddd  d  dd.  The  arms  are  heated  red  hot  previously  to 
dropmng  them  into  the  holes,  in  order  to  cause  them  to  extend  sufficiently 
for  that  purpose,  for  when  cold  they  are  too  short.  In  doing  this  they 
take  advantage  of  that  quality  which  iron  pnossesses  of  expan£ng  on  the 
ilpplicAtion  of  heat,  and  of  KX)ntracting  again  to  its  fonner  dimensions  on 
cooling  down  to  the  same  temperature  from  which  it  was  raised ;  the 
arms,  therefore,  on  cooling  are  drawn  with  a  force  sufficient  to  produce  a 
degree  of  combination  between  their  dovetailed  endA  and  the  mortises  of 
the  rim,  which  prevents  the  possibilitv  of  their  working  loose  ;  they  are 
afterwards  keyed  up  ;  the  mortise  holes  are  also  dovetailed,  from  the  tail 
side  of  the  wheel  (a  a,  fig.  G35)  to  the  crease  side  (b  6,  on  the  same 
figure). 

Fig  635,  is  a  cross  section  through  the  centre  of  the  wheel,  with 
wrought  iron  arms. 

Fig.  636  is  an  end  view  of  Fig.  635. 

Fig.  637  represents  a  view  of  their  edge  railway  ;  shewing  a  rail  a, 
connected  witn  the  two  adjoining  rails,  tfie  ends  or  which  arc  shewn  by 
b  6,  and  also  with  the  props  or  pedestals  on  which  they  refit,  d  d  show 
the  metal  chairs,  and  c  c  the  stone  supports.  The  joints  e  f.  are  made  by 
the  ends  of  the  rails  being  applied  to  each  other  by  what  is  denominated 
a  half  lap,  and  the  pin  or  bolt  g^  which  fixes  them  to  each  other,  and  to 
the  chair  in  which  they  are  inserted,  is  made  to  fit  exactly  a  hole  which  is 
drilled  through  the  chair,  and  both  ends  (»f  the  rails  at  sucli  a  height  as  to 
allow  both  ends  of  the  rails  to  bear  on  the  chair,  and  the  bearance  bcinir 
the  apex  of  a  curve,  they  both  bear  at  the  same  point.  Thus  the  end  of 
one  rail  cannot  rise  above  that  of  the  adjoining  one;  for  although  the 
chair  mav  move  on  the  pin  in  the  direction  of  thcline  of  the  road,  yet  the 
rails  will  still  rest  upon  the  curved  surface  of  their  bearance  without 
moving. 

Fig.  6'i8  is  a  cross  section  of  their  edge  railway  through  the  middle  of 
one  (»f  the  cliairs  a,  and  across  the  ends  of  (he  two  adjoining  rails  c  d  and 
the  pin  r  ,-  /  is  the  stone  sup]iort  or  8lcej)er. 
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^^  ift  a  cross  sect  ion  of  a  rail  a,  at  tb«  rcntrc,  ami  shows  the  ear* 

lis  A  pLin  of  tho  ratUu'av  i1<»!icr9>e«J  a»  Ti'/    '"iT    ^hcuinsr  Ih* 
ling:*  of  the  railH  r  r,  pfaml  in  thi'ir  rtii 
IM  n  \icvr  of  the  niKt  iron  wheel  with  the  :    i  i  .  j;l-  iron  lyre, 
heel  ift  iiiMtlr  with  cnrr^f]  K|)okc4,  a«  »hewn  hi  aa  aaaaa  a  aa,  m 
»irr,  and  with  a  slit  «»r  nperture  in  the  rim,  shewn  at  A,  into  which 
7  ij«  inserted.     The  rciiMmof  this  i«t  that  on  the  ap|(hr;aioTi  of  the 
trre  the  rast  metal  ex{>nn<ls  uiie<pially,  and  the  rini  is  liable  to  bie 
'kV»d,  Rini  the  arios  drawn  otf.  toil  ess   the  tiret  la   previously  slit  or 
'iicd.  and  the  latter  ciirvrd.  whieh  aUotvA  theni  to  aieouirumlate  ihctu- 
Ivcs  to  the  inereaised  diameter  of  the  wheel;  hy  thi^  formation  of  the 
*el  the  tyre  rntj^ht  he  forced  on  when  cold,  and  keyed  op  arterwardo. 
*if .  GAS  is  a  enisa  oertton  of  in**.  041.  throui^h  the  centre,     o  «  show 
tyre,  hb  hb  show  the  metal  rinu     Thiii  ca^t  metal  rim  'n  dovetailed  ; 
"•''pn  the  tyre*  which  is  dovetailed  to  suit  it,  is  put  tyii  hot.it  con- 
'ppliri*  itself  to  the  rim  with  a  decree  of  axlhesion  winch  pre. 
!*iuinjf  off  from  the  motion  of  the  wheel  ot»  the  mil-way.     TliU 
leel  is  of  the  form  to  siinit  an  ed^e  railway,    and  t(»  ntake  it  answer  fof ' 
"  it«  rail  it  only  require*  the  rim  to  be  round  or  flal. 

643  !B  an  end  view  of  (i^.  041,  without  the  malksdtle  inoi  lyre. 

644  represeutfl  a  view  of  a  rolley   or  trMio-whei'L   raleulatrd   to 
upon  a  plale  railway.      aaau  ihuw  the  malleable  iron  armH, 

rned  to  the  projection*  AAA  6,  on  the  imide  of  the  rim  ere,  hy  the 
\\H  d  d  d  d, 
W\%^ii  15  \*  K  ero»  sectiott  of  fi^.  644»  tlirou^h  the  centre  uf  the  wheel* 

^hofv  the  ariiMi,  e  c  lite  rim,  dd  the  bolt&. 
Fiu^.  <»4*j  reprehtnts  a  view  of  n  rolley  or  tram*wheel,  witli  a  plate  of 
illcahio  iron  ft  u  a  tit  to  fornr  the  junction  between  the  nave  h  it  and  the 
it  metal  rim  ctcc. 

Fi^.  (i  17  is  a  cross  lectjon  of  ft^,  GIG,     a  a  ithow  the  plate  upon  which 

miychh  is  ea«t.     cr  bhow  the  cast  iron  rim  which  U  cant  upon  the 

lie,  the  edKres  of  which  [date  are  previ«ui*ly  covered  with  a  thin  coaling^ 

loam  and  <  harcoal  dust,  or  other  fit  i^ubiitanre,  to  prevent  the  tiHi  inii- 

itc  aiIhe»ion  between  the  iron  plate  and  metal  rim,  «o  that  if  the  rim 

liufhl  bfcak.  it  cim  eiaily  be  taken  off  and  replaced  by  casting'  another 

the  jdate. 

Kisf.  Gt8  represents  the  plate  railway  on  their  plan.  At  the  end  of 
•li  plate  nre  projections  aaaa,  to  fit  iuti*  the  dovetail  carriage  b  h,  and 
1  of  each  plate  are  pr-  <<r  tenons  c  r  e  c^  which  frill  info 

hole  ('/»  fn  Fisr*.  61  >  in  the  carriajfe  b  h,  luid  i^ccure 

rtii  iioio  an  end  lootion  \  ati«t  wmi'T)  uie  pin  or  kev  e  i»  driven  Into  ita 
it  »ecures  the  plates  from  rising,  thus  they  arc  lixcd  inunovable 
carriaifcs. 

649  id  a  frtmt  view  of  fvjj.  648. 
fl  GijO  it4  a  plan  of  the   carriage,  in  which  an  show  the   nail  hole* 
ruu'irh  which  the  nails  are  driven,  to  secure  it  t^i  the  ikleeper.     When 
ntiltt  are  laid  in  thiti  carria|^e.  and  mn  uiod  h\  the  pin  or  key*  they 
»p  thi'*c  naila  from  >ttart4»tr  up  by  <  fii. 

'  't.  ti.il  in  a  croHib  bcctiou  i»f  tlic  <  '\ic  ertd  «»f  one  of  Ui0 

ihi- 

^2!>*  fthewii  a  rail  of  the  eomtnoti  way,  inelininir  nut  of  the  h<irixoii- 
liwo,   aM  fliey  very  often   do  from  the  yietdiuin' of  the   propn  or 
il«i  utul  of  course  a  thock  lb  i^ustutncd  by  the  i>'agi;on»  in  pai^fiins 
>!iiin|^  to  the  next  rail. 


650 


THB   OFERATIVB   MKCHANtC 


The  ease  with  which  cast-iron  can  be  made  into  any 
quired  shape  has  till  veiy  recently  given  to  rails  of  thi 
material  a  decided  superiority  over  those  of  malleable-iroi 
But  the  brittlcncss  of  the  former  renders  such  rails  v 
liable  to  be  broken,  unless,  indeed,  they  be  of  such  so 
stance  as  will  resist  the  effects  of  the  blows  or  shocks  to 
which  they  are  exposed,  and  which  will  require  them 
be  of  considerably  greater  weight  than  otherwise  would 
necessary.  To  ohnate  this,  numerous  experiments  ha 
been  made  with  a  view  to  substitute  malleable-iron  for  casi 
roll  rails. 

Rails  of  malleable-iron  appear  to  have  been  first  used 
Jjord  Cfirlislc's  works,  atTindal  Fell,  in  Cumberland,  abo 
the  year  T908;  and  though  found  there,  and  also  at  t 
or  three  other  places  at  which  they  were  tiied,  to  be 
saving  in  the  first  cost,  and  much  less  liable  to  acciden 
they  have  not  till  very  lately  been  much  used.  In  fact,  i 
was  not  till  some  time  after  ^Ir,  Birkinshaw,  of  the  Bed 
lington  Iron  Works,  had  obtained  a  patent  for  mallcabl 
iron  rails  of  a  new  and  improved  construction,  that  rails 
this  material  came  into  competition  with  the  cast-iron  raili 

The  form  of  the  miilleable-iron  i*aiis  previously  to  th 
was  that  of  a  parallclopipedon ;  which  was  liable   to  tw^ 
objections,  either  thai  the  narrowness  of  the  suifaces,  wh 
compared  to  the  breadth  of  the  rim  of  the  carriage  whc 
was  so  considerable  as  to  expose  both  the  wheel  and  the 
to  great  injury  from  wear ;  or,  if  the  breadth  of  the 
was  increased  to  remove  this  objection,  the  weight  of  the 
mil  would  make  the  cost  amount  to  almost  a  prohibition  of 
its  use* 

Mr.  Birkinshaw  obtained  his  patent  in  October  1820 ; 
and  the  improvement  consisted  in  making  the  rails  in  the 
form  of  prisms,  though  their  sides  need  not  of  necessity 
fiat.    The  upper  surface,  on  which  the  wheel  of  the  carri 
is  to  run,  is  slightly  convex,  in  order  to  reduce  the  friction 
and  the  under  jiart,  which  rests  on  the  supporting  block 
chains,  rests,  standai'ds,  or  pedestals,  is  mounted  upon 
sleeper.    The  wedge  form  is  proposed,  because  the  streog 
of  the  rail  is   always   in    proportion  to   the  square  of  i 
breadth  and  depth.  Hence  this  form  possesses  all  thestreng 
of  a  cube  Cf^ual  to  its  square,  with  only  half  the  quantity 
metal,   and  consequently  half  the  cost  of  the  former 
Sufficient  strength,  however,  may  be  still  retained,  and  t 
weight  of  metal  further  reduced,  by  formiDg  the  bars  wit 
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troncarc  sides,  wbich  is  the  form  of  rail  the  paten  toe  decidedly 
prefers,  although  the  prism  or  wedge  form,  in  all  its  varie- 
ties, is  the  principle  upon  which  hispatcDt-right  is  founded* 

The  mode  of  making  these  wedge-formed  rails  of  mallea- 
ble-iron is,  by  passitjg  bars  of  iron,  when  heated,  through 
rollers,  having  grooves  or  indentations  cut  upon  their  peri- 
pheries, agreeably  to  the  intended  shape  of  the  bar  to  be 
produced.  But,  though  the  patentee  recommends,  and 
adopts  this  mode  as  the  most  elig-ible  means  of  producing 
these  rails,  he  claims  the  exclusive  right  of  manufacturing 
and  rendering  the  wedge-formed  bars  or  rails  of  any  lengthy 
for  the  purpose  of  forming  or  constructing  rail -roads. 

The  advantages  derived  from  this  method  of  constructing 
railways  may  be  as  follows  : — 

1st.  The  original  cost  of  a  malleable-iron  railway  is  less 
than  a  cast-irou  railway  of  equal  strength, 

Mly.  As  the  rails  can  be  made  in  the  lengths  of  9,12,15, 
or  IB  feet  each,  and  even  longer  when  required,  the  number 
of  joints  is  hereby  redoced  ;  and  thus  is  removed,  in  a  great 
measure,  the  liability  to  which  the  short  rails  now  in  use 
are  exposed,  of  receiving  blows  and  shocks  from  thecal^ 
riaiccs  which  move  over  them. 

3dly.  In  order  to  remedy  the  evil  arising  from  the  rails 
being  imperfectly  joined,  the  plan  of  welding  the  ends  to* 
gether  has  l)een  adopted  ;  by  this  means  making  one  con- 
tinued rail  the  whole  length  of  the  road  without  any  joint 
whatever. 

4thly.  !t  hence  follows,  that  on  iron  railways,  the  loss  of 
coals,  occasioned  by  the  jolting  of  the  wn  f  the  joints 

of  the  rails,  and  the  injury  done  to  th(  -^  the  car- 

riages, and  engines  from  the  same  cause,  are,  if  not  entirely 
prevented,  at  fcast  considerably  diminished. 

In  September,  1821,  Mr.  Losh  took  out  another  patent 
for  further  improvements  in  the  construction  of  mil- 
ways.  These  itnprovements  consist,  first,  in  fixing  bars  of 
malleable  iron  on  the  upper  surface  of  a  line  of  cast  or 
miiUeable  iron  rails,  of  whatever  form  such  i-ails  may  be, 
in  the  longitudinal  direction  of  the  rails  when  laid,  so  as  to 
form  an  uninterrupted  line  tlie  whole  length  of  the  bar, 
which  may  be  as  long  as  it  shall  be  found  convenient,  and 
of  the  same  breiidth,  or  a  little  broader  or  narrower  than 
the  ipper  surface  of  the  rails  to  which  it  is  fixed.  Secondly, 
in  fixing",  in  some  cases,  a  band  or  strap  of  malleable  iron 
to  the  under  surface  of  cast-iron  rails,  in  order  (hat  such 
1  or  band  may,  by  its  power  of  tensiott,  give  support  to 
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the  cohesion  of  the  |>arts  of  cast  iron  rails^  ajid  admit  of  it« 
being  made  lighter,  of  less  expense,  and  less  liable 
breakage.  Thirdly,  in  foriiiiiig  a  rail,  by  dxiiig  two  bars 
malleable  iron  on  their  sides  or  edges,  and  fixing  them  ii  _ 
that  position  by  bolts  and  studs,  or  any  other  convenienf" 
iiiethotl ;  and  in  placing  and  fixing  on  their  upper  edges  a 
rtat  bar  of  malleable  iron,  or  one  which  is  slightly  curved  or 
rounded  at  the  edges  to  diminish  friction,  so  tliat  the  bar 
or  plate,  placed  and  fixed  on  the  upper  edgca  of  the  tw< ' 
nialleable  iron  bars,  shall  form  the  surface  upon  which  th 
wheels  of  the  carriage  arc  to  revolve, 

Mr.  Losli  states,  in  the  specification  of  his  patent,  th; 
rail-roRfJs  are  now  become  so  general,  that  for  the  infoi 
mation  of  mechanical  men,  or  those  wlio  have  the  dii 
tion  of  constructing  and  laying  them,  drawings  would 
([uite  superfluous ;  he  therefore  proceeds  to  state  the  m« 
thods  which  he  has  found  the  most  convenient,  for  forming 
the  junction  of  the  plate  or  flat  bar,  which  he  applies  npoi 
the  surface  of  the  body  of  the  rail ;  and  also  the  mode  b^ 
which  he  attaches  the  band  or  strap  to  the  lower  edge 
the  caat  iron  raiL 

He  reconmicnds  the  dimensions  of  the  bai-s  meant  to  form 
the  upper  surface  of  a  railway,  calculated  tu  carry  locoin( 
live  engines  of  seven  or  eight  tons,  and  waggons  of  three 
four  tons  weight  each,  to  be  fifteen  or  sixteen  feet  longj 
two  and  a  quarter  inches  broad,  and  half  to  five-eighths 
an  inch  thick.  At  every  eighteen  inches  or  two  feet  of  the 
length  of  this  surface- plate,  a  tenon  is  firmly  welded  oi 
riveted  ;  or  otherwise  attached  to  the  under  side,  taking 
care  in  this  operation  to  leave  the  upper  surface  of  tlie  plate 
even  as  before.  These  tenons  have  holes  through  them  in  the 
transverse  direction  of  the  bars,  to  take  a  pin  or  rivet  of 
from  about  a  quarter  to  half  an  inch  in  diameter;  and  at 
each  e.Ktremity  of  the  plate,  a  tenon  is  fixed  on  by  welding, 
having  previously  cut  otf  a  piece  of  about  two  inches  long^ 
and  of  half  the  breadth  of  the  bar,  from  the  opposite  ends  ol 
the  bar  or  plate,  and  at  tlie  opposite  angles,  so  that  whci 
two  bars,  so  prepared,  are  brought  to  join  at  the  ends,  tin 
joint  is  what  is  denominated  a  half-lap,  or  scarfed  joint* 

If  it  be  required  to  place  malleable  iron  plates  or  bars  oi 
cast  iron  rails,  nothing  more  is  necessary  than  to  make  tin 
rails  with  mortise  holes,  to  receive  the  tenons  with  trans 
verse  holes,  to  correspond  with  those  in  the  tenons  fixed  onj 
the  plates  3  imd,  after  placing  the   rails  in   their  chairs  ol 
carriages,  to  apply  the  plate  to  the  surface  of  the  rails^  aui 


drop  the  tenons   into  the  mortbc   holes,  nn»l  to  secui'e 

tm  there  by  a  \nn  driven  ticrhtly  into  and  through  tlic 
ivcisc  htrlt^s  of  the  tenons  and  mortise  Jiolcs.  'I'he 
tUc  holes  are  rntuie  in  the  niil«  by  placing  a  core  in  the 
kould  previoiuly  to  running  in  the  metal,  and  lest  this 
»rc  should  weaken  the  rail,  it  is  advisable  to  add  as  much 
teCnl  oti  the  outside  of  the  rail,  in  the  fortii  of  a  boss,  whei*c 
le  hole  is,  as  will  make  up  the  deficiency.  A  chair  is  then 
laced  on  a  pedestal  at  every  three  or  four  feet  distance,  Icm* 

more,  according  to  tlie  leuE^th  of  the  cast  iron  rails  ;  and 
ich  of  these  must  be  supported  at  its  ends  :  the.se  rails  are 
fnerally  made  with  half-lap  joints,  and  to  rest  on  a  curb 

irance.  Care  is  taken  that,  where  the  ends  of  the  surface- 

latcs  meet  to  form  a  joint,  they  shall  be  sustained  by  a  chair ; 

id  the  reason  for  making  the  joints  half-lapped,  or  scarfed, 

ith  tenons  welded  to  these  half  laps  is»  that  one  pin  or  bolt 

ill  secure  both  the  adjoining  ends  of  the  surface-plates,  and 

the  bars  of  cast  iron,  more  perfectly  in  the  chair,  than  any 
;her  known  contrivance,  when  the  bearauce  is  the  apex  of 

curve.      Surface*platcs   thus   prepared   with   tenons,  a^ 

icribed  above,  may  be  attached  and  fixed  to  the  upper 
irfacc  of  a  series  of  malleable  iron  rails  placed  in  chairs, 
'hich  rails  consist  of  flat  bars  (generally  three  or  four  feet 
mg,  more  or  less,  but  sometimes  also  as  long  as  the  !<ur- 

:c  plate),  fixed  on  their  thin  edges,  so  as  to  present  the 
Llest  resistance  to  a  weight  bearing  upon  them.  For 
lis  purpose,  [)ins  or  rivets  may  be  driven  through  the 
isverse  holes  in  the  tenons  on  the  surface- plate,  and  the 
^rresponding  transverse  holes  made  in  the  supporting  bars  ) 
id  thus  may  be  formed  a  cheap  and  very  serviceable  rail- 

ly.     In  this  case,  the  supporting  bars  should  not  be  less 

m  two  and  a  half  inches  deep,  by  half  an  inch  thick,  if 
leant  to  cany  locomotive  engines.  For  smaller  carriages, 
ic  bars  may  he  of  less  dimensions,  in  proportion  to  the  de- 

lased  weight  of  the  carriages, 

fn  forming  the  rail,  consisting  of  a  plate  of  malleable 

m,  supported  by  two  flat  bars  of  tiie  same  material,  Mr. 

►h  prepares  the  surface-plate  as  above  with  tenons,  and 
iving  fixed  the  two  bars  intended  to  support  it  on  their 
Iges,  parallel  to  each  other,  in  a  scries  of  chairs,  and  .se- 
ired  theuj  in  that  position  by  bolts  passing  through  them, 
id  by  intervening  studs,  to  keep  then>  at  a  proper  distance, 
iiicli  is  such,  that  the  sides  or  edges  of  the  surface-plate, 
riiich  may  be  a  little  curved  or  rounded,  to  diministi  the 
^ctioD  from  the  wheels  passing  over  it,  i&WW  v^QyitV  ticwwx 
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a  quarter  of  an  inch  beyond   them.     By  these  intcrvcnji 
studs,  the  surface-plate  is  laid  upon  ihem,  and  the  tcnoi 
arcdropfyed  in  between  them,  and    fixed  by  pins  or" 
passing  in  a  transverse  direction  through  hole^i  in  th( 
which  are  made  to  correspond  with  holes  in  the  U 
and  thus  seeming  them  as   if  they  were   in  mortise-hoL 
The  strap  or  band  of  malleable  iron  is  fixed  by  Mr.  Losh 
the  under  edge  of  tlic  cast-iron  rail,  by  perforating 
ends  of  the  sti-ap,  near  the  extremities,  witli  a  long:  hole,  cal" 
culated  to  pass  over  studs  of  malleable  iron  which    arc 
fixed  at  each  end  of  the  rail,  by  being  run  at  the  time 
casting  the  rail  or  otherwise.    The  studs  should   be  aboi 
one  and  a  half  inches  broad,  by  three- eighths  of  an  in< 
thick,  and  placed  so,  that  when  the  strap  has  l)een  put  01 
them  in  a  heated  state,  it  cannot,  in  eontractint^,  slip  ii 
hold  ;  but  will,  on  the  contrary',  fix  itself  the  closer.   Thei 
straps  are  made  of  malleable  iron  bars,  about  one  and 
half  inches  broad,  three-eighths  to  half  an  inch  thick,  an 
of  such  length  as  to  draw  strongly  against  the  studs 
bottom  of  the  rail,  when  in  its  position.     The  under  edj 
of  the  cast  iron  rail  to  w^hich  this   strjip   is  applied  beini 
curved,  it  will,  when  the  strap  is  fixed  upon  the  studs, 
an  extension   of  its   length    by  heat,  apply  itself  firmly 
and  support  every  part  of  the  lower  edge  of  the  rail,  in  coi 
tracting,  by  parting  with  its   heat ;  and   till   the  power 
tension  of  this  straf)  is  overcome,  and  it  extends  in  lengthy* 
or  the  studs  break,  the  rail  cannot  give  way. 

Many  other  methods,  perhaps  equally  secure,  may  b^w 
made  use  of  to  place  and  hx  surface- plates  on  the  surface  olH 
rails;  but  Mr*  Losh  prefers  the  plan  pointed  out,  by  te- 
nons and  mortise-holes,  and  by  rivets  passed  through  iioles 
in  such  tenons,  and  through  corresponding  holes  in  the 
supporting  bars  ;  because,  when  worn  or  damaged,  these 
plates  can  easily  be  taken  off  and  replaced,  without  injury  to 
that  part  of  the  rail  which  supports  them. 

The  principal  patentJi  obtained  before  the  above  descril 
arc  those  by  IMenkinsop,  Brunion^  and  Chapman ;  spech 
cations  and   drawings  of  which   may  be  seen  in  the  Kepci 
tory  of  Arts. 

Mr.  Blenkinsop's  patent  was  obtained  the  lOth  of  Api 
1811,  and  is  for  a  method  of  fixing  into  the  ground 
toothed  rack,  or  longitudinal  piece  of  cast  iron,  or  other 
material,  having  teeth,  or  protuberances,  into  which 
toothed  or  cogged  wheel,  connected  with  a  locomotive  ci 
liagc,  play*. 


I 


Mr.  Brutiton's  patent  wag  taken  out  tbc  22ud  of  ^^a3'y 
1813,  and  is  for  a  method  of  propelling  machines  along  & 
railway  by  mcims  of  two  or  luorc  bnr»  or  legs,  which,  by 
i-cceiving  a  reciprocating  nuiliori  froui.  a  steam  engine,  act 
1  the  ground  like  a  man's  legs,  when  in  the  act  of 
:J^^  These  bars  or  legs  are  con»truct€d  of  metal  or 
wood,  ajid  of  joich  length  that,  during  the  act  of  propulsiou, 
ilic  angle  formed  by  the  said  bai*s  or  la^a  and  the  surface  of 
tbc  road  may  be  such,  as  to  afford  bullicicjit  resistance  fionj 
the  materials  propelled  against  to  overcome  the  frietioa  of 
the  body  to  be  moved.  This  angle  admits  of  considerable 
latitude;  but  will  be  found  to  answer  best  when  bctivceti 
M  and  /O  degrees. 

The  reader  has  now  been  informed  of  the  principal  patejits 
that  have  been  taken  out  for  improvements  in  rail-roaib. 
Tlie  raiU  most  in  use  are  those  of  cast-iron  by  Losh  and 
Stephenson,  and  of  malleable- iron  by  Birkinshavv. 

Previously  to  constructing  a  railway,  it  is  necessary  to 
ascertain,  as  accurately  as  the  nature  of  the  thing  will  ad- 
mit, the  quantity  of  lading  expected  to  traverse  each  way 
upon  !t5  line.  For  if  the  weight  of  the  carriage  of  merchan- 
flize,  &c.  be  more  in  the  one  direction  than  m  the  other,  as 
'Urill  frequently  be  the  cti^c  in  forming  a  line  of  railway  froin 
a  manufacturing  or  mining  district  to  a  town,  the  railway 
roust  have  a  gentle  inclination  or  descent ;  but  if  the  lading 
is  expected  to  be  nearly  equal  iu  both  directions,  with  a 
prcpondei-anec  at  certain  periods  only,  the  railing  must,  in 
such  case,  be  set  out  iu  levels,  or  in  lines  nearly  level, 
suid  the  ascents  and  descents  made  by  planes  incliucd  ac- 
corflingly, 

Tliat  the  reader  may  sec  the  necessity  of  paying  due  at- 
tention to  this  point,  we  shall  show  ttie  advantages  tiiut  will 
result  from  constructing  railways  with  a  gentle  gradual 
descent,  %vhen  the  carriiigc  of  the  articles  of  trade  are  con- 
siderably more  in  one  direction  than  the  other. 

Dr,  Armstrong,  in  his  Recreations  in  Agriculture,  ob- 
serves, that  a  horse,  travelling  at  the  usual  rate  that  waggons 
move,  would,  with  ease,  under  favourable  circumstances, 
draw  20  tons  :  but  Mr.  Fulton  says,  that  five  tons  to  a  horse 
15  tbc  average  work  on  railways,  descc  i  the  rate  of 

three  miles  per  hour;  or  one  ton  upw;  idi  the  same 

upeccL     Mr.  Telford,  an   experienced  engineer,   observes, 
that  on  a  milway  well  constructed,  and  laid  with  a  declivity 
of  50  feet  in  a  mile,  one  horse  will  readily  take  down  wag- 
goo»  cxintaiuing  1*J  to  15  tons ;  and  brin^  beucW  VW  s^^cv^ 
vnggoos  whh  four  tons  in  them.     Mr.  io»ev\vVC*<^sA^  'ww 
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1/99  stated,  that  a  horse  of  the  value  of  20/.  drew  down  tl 
declivity  of  uti  iron  road,  I'^ths  of  an  inch  in  a  yard,  21  ci 
rittges  or  wags^ons,  laden  with  coals  and  timber,  weighing 
tons,  overcoming  the  ris  inert  ice  repeatedly  with  ease.     T 
same  horse,  up  this  declivity,  drew  five  tons  with  ease, 
a  difTcrcnt  railway,  one  horse,  value  30/.  drew  21  waggoi 
of  five    ewt.   each,   which,   with    their   loading   of   coal| 
amounted  to  43  tojis  eight  cwt.,  dowri  the  declivity  of  1 
of  an  inch  in  a  yard  ;  and  up  the  same  place  he  aftervvi 
drew  seven  tons  ;  the  cwt.  in  all  these  experiments  by  Ml 
W.  being  1201bs, 

Though  in  the  preceding  statements  there  is  an  apparei 
variance,  the  autliors  arc  not  the  less  entitled  to  credit ;  be- 
cause the  variations  may  have  arisen  from  dilTerence  iu  Ui 
physical  strength  of  the  animals,  or  in  the  method  of  cop; 
structing  the    railways.     To  make  the    case,  however, 
clear  as  possible,  we  shall  here  present  our  readers  \ritl 
some  observations  and  calcolalions  deduced  from  known 
data,  which  have  lately  appeared  in  a  very  able  pamphlet 
entitled  '^AHeport  on  Rail-Roads  and  Locomotive EDgiwes,' 
by  Mr,  Charles  Sylvester,  civil  engineer. 

Mr.  Syh^ester,  having  made  some  judicious  observatioi 
on  the  principles  of  railways,  and  the  nature  of  the  frictioi 
to  be  overcome,  states,  that,  '^  agreeably  to  the  principh 
laid  down  in  the  commencement,  when  a  force  is  appliet 
equal  to  the  friction,  the  smallest  force  above  that  wouh 
If  continued,  generate   any  required  velocity.     But  it  wil 
be  desirable  to  have  such  a  force  at  command,  as  will 
neratc  the  necessary  velocity  in  a  short  time,  and  when  iht 
has  been  accomplished,  to  reduce  this  force,  but  still  to  leai 
it  fully  equal  to  the  friction.    If  any  part  of  the  route  has 
incHnation,  there  ought  to  be  an  extra  force  at  command^ 
above  what  would  be  required  for  a  dead  levul.     The  plaiM 
on  which  this  experiment  was  made,  inclined,  in  the  direc- 
tion of  the  load,  about  -J  of  an  inch  to  a  yard.     This  is 
great,  or  perhaps  a  greater,  inclination  than  any  rail-roi 
ought  to  have,  where  loaded  carriages  go  up  and  dowtu* 
The  moving  force  ought,  therefore,  to  be  always  greater 
than  tlie  friction  added  to  the  force  which  is  required  to 
overcome  the  inclination  of  the  plane.     The  latter  forcij^^ 
assists  the  body  to  go  down,  and  equally  resists  it  in  moTiit^^| 
upwards,  ^^ 

"  On  this  account"  says  he,  "  1  have  used,  or  supposed,  a 
moving  force,  which  will  give  the  velocity  of  5  miles  an  hour, 
or  7t  feet  per  second,  in  the  space  of  one  minute.  This  will 
be  performed  down  the  above  plane  by  the  engine  makin|^ 
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Strokes  per  mmutc,  (the  circumference  of  the  wheel 
sing  nine  feet),  with  a  pressure  of  9'71^8.  upon  an  inch^  of 
:h  of  the  two  cylinders,  the  area  of  each  being  63-6  square 
rhes.    The  weight  of  the  engine  and  16  waggons  is  equal 
154,5601  bs,  or  nearly  70  tons.    The  velocity  of  five  miles 
hour  being   acquired  after  one  minute,  the  only  force  to 
:p  the  whole  ui  motion,  at  the  same  rate,  will  be  the  dif- 
!nce  between  the  gravity  of  the  weight  down  the  plane 
the  friction.    The  friction   is  OOOlbs ;  the  gravitating 
irce  of  the  weights  down  the  plane  5401  bs  ;  ilvercforc  900 
-  540  =  3601bs. 

"If  the  same  weight,  at  that  speed,  bad  to  move  on  a  dead 
level,  and  acquired  the  same  velocity  in  one  minute  as  be- 
fore, the  moving  force  would  require  to  be  17811bs.  which 
would  require  a  pressure  of  f3-7!bs.  upon  one  inch.     But 

Cer  the  speed  is  obtained,  it  will  require  only  71b9.  to  keep 
moving  at  the  same  rate.  If  the  same  load  were  required 
move  up  the  plane,  it  would  require  a  moving  force  of 
23281b3.  or  a  pressure  upon  eveiy  square  inch  of  18'3ibs. 
id  this  velocity  would  be  kept  up  by  a  constant  pi'es»ure 
14471bs,  which  will  be  ll*3lbs.  upon  everj^  inch  of  the 

[  "  fn  starting  'the  engine,  in  the  first  instance,  and  giving 
required  velocity,  it  is  probable  the  effects  will  agree 
nearly  with  these  calculations ;  namely,   154r5G01bs« 
►ved  at  the  rate  of  five  miles  an  hour,  with  a  pressure  of 
lbs.  upon  every  inch  of  the  piston.     Whether  the  pres- 
were  reduced  to  the  ditfercnce  between  tlie  fricticm  and 
force  upon  the  plane,  which  is  calculated  at  2'8lbs,  it  is 
[fficult  to  say,  as  there  wa.s  no  steam-gauge  to  indicate  the 
pressure  when  the  engine  was  going/' 

^1x1  table  1,  at  a  more  advanced  part  of  the  work, 
r.  Sylvester  states,  tliat,  when  the  engine  is  required  to 
travel  at  the  rate  of  nine  miles  per  hour,  the  force  necessary  to 
overcome  the  weight,  154,560lbs,  will  be  for  the  first  minute, 
pheri  the  engine  is  travelling  on  a  level  2890'8nb3 ;  when 
ftoving  down  the  plane  2401*01  lbs;  and  when  moving  up 
the  plane  332001  Jbs.  But  that,  when  the  velocity  is  at- 
tained, a  force  that  will  balance  the  friction  is  sufficient  to 
keep  up  the  required  velocity.  This  force  is,  for  travelling 
on  a  level,  QOOlbs  ;  for  moving  down  the  plane,  47Hbs  i  and 
'ft  moving  up  the  plane  13291bs. 
By  this,  therefore,  it  is  evident  that,  when  the  lading  is 
|)ectcd  to  be  considerably  more  in  one  direction  of  the 
rail -road  than  it  is  in  the  other,  the  advantage  which 
2U 
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will  arise  from  making  the  mad  with  a  gentle  slope,  is  vei 
great.    This  kind  of  railing  is  also  preferable  when  the 
ding  18  only  equal  at  certiiin  periods.     For  then  the  expei 
of  extra  horscn,  to  draw  the  additional  weights  up  the  ph 
during  these  periods,  will  fall  inhnitely  short  of  the  expci 
saved  by  making  the  plane  with  a  gentle  inclination. 

The  necessary  preliminaries  being  settled,  the  engim 
will  obtain  much  greater  facihty,  as  also  a  diminution  erf  ej 
pense,  by  beginning  to  lay  down  the  rails  on  any  part  of  U 
intended  line  of  road  where  stone,  gravel,  and  other  mat 
rials  that  are  wanted,  arc  to  be  most  conveniently  had  ; 
by  that  means,  he  will  evade  the  slow  and  expensive  m 
of  common  cartage. 

The  immense  sums  that  have  been  invested  in  the  hands 
sertain  companies,  for  the   purpose  of  establishing  gencr 
Ines  of  rail- road  throughout  the  country,  have  excited  mui 
'interest  and  elicited  many  able  papers  fnuii  practical  mi 
in  several  of  the  publications  of  the  day-     Amongst  tbese^ 
^perhaps  those  inserted  in  the  Scotsman,  an  Edinburgh  new« 
»aper,  and  in  the  Manchester  Guardian,  arc  the  most  d< 
serving  of  our  notice. 

The  Scotsman    first  commences   with  some   theoretic 
statements,  and  then  continues  : 

Having  developed  the  theory  of  the  motion  of  carriages 
on  horizontal  railways,  we  shall  have  little  more  to  do  with 
mathematical  discussions,  and  shall  now  turn  our  attention 
to  points  of  a  practical  nature,  better  adapted  to  the  taste  of 
ordinary  readers.  But  first,  we  shall  bring  under  the  ej 
again,  the  effect  of  a  given  quantity  of  power  on  a  raihvaj 
and  on  a  canal,  in  a  cabn  atmosphere — fur  it  is  only  in  I 
calm  atmospbrre  that  the  results  can  be  property  compii 

We  have  found  that  a  boat  weighing  with  its  load  16  U 
and  a  tvaggan  of  the  same  wei^ht^  the  one  on  a  canal,  and  th( 
other  on  a  rail-way,  would  be  mipcUcfl  at  the  fullowing  rate*, 
by  the  following  quantities  of  power — which  we  have  slau 
both  in  poirnds  and  in  horse  power — reckoning  one  hoi 
power  equal  to  180  pounds. 
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We  h«ve  not  Uken  into  account  the  time  iSl  in  over- 
comiog  the  inertia  of  the  waggon  where  a  small  power  is 
►plied,  because,  in  poiut  of  fact,  the  casual  resistance  of 

wiud  would  render  it  necessary  to  provide  double  or 

i|)le  the  power  above  stated.     But  if  ncccasary,  the  time 

it  by  the  »\ow  motion  at  tlrst  might  be  saved.     Suppose 

jrc  are  a  cerlain  number  of  places  where  the  steam-coach 

;goii  was  lo  stop,  to  take  in  or  put  out  passengers  or 

and  farther,  that  the  waggon,  by  travelling  a  few 

res,  has  acquircti   an   tiaiform    velocity  of  20  miles  an 

If.  Then,  if  it  in  niade  to  ascend  an  inclined  plane  of  10 
it  perpendicular  height,  this  velocity  will  be  extinguished^ 
kd  the  vehicle  will  stop  at  the  head  of  the  plane.  When 
IS  to  proceed  again  on  its  journey  its  descent  along  an  in- 
ined  plane  of  the  same  heiglit  on  the  other  side,  will  enable 
to  recommence  its  career  in  a  few  seconds  with  the  full 
►locity  of  20  miles  an  hour.  By  raised  platforms  of  this 
id,  at  the  two  extremities  of  the  journey,  and  at  the  in- 
'mediate  stages,  the  velocity  thus  generated,  might  be 

isured  up  for  permanent  use.     The  platforms  should  be 

different  heights,  corresponding  to  the  various  veloeities 

the  vehicles  plying  on  the  railway.  But,  in  point  of 
;t,  the  terminal  velocity  is  attained  so  soon  from  a  state  of 
it,  that  this  contrivance  would  probably  be  found  od« 

jcssary. 
Where  locks  or /i/V.¥  occur, 'the 'stationary  steam-engioe 

»uld  drag  up  the  vehicle  (supposing  it  to  be  along  an  in- 
ined  plane),  not  simply  from  the  one  level  to  the  other, 
\t  to  a  platform  some  feet  above  the  higher  level,  that  the 
shicle,  by  its  di^scent,  might  recover  the  lost  velocity.  It  is 
lain,  however,  that  when  the  difference  of  level  did  not 
tcced  eight  or  ten  feet,  the  njomentum  of  the  vehicle 
rouid  carry  it  up  without  any  asisistance  from  a  stationary 

live,  and  with  merely  a  small  temporary  loss  of  velocity. 
Some   ]>ersons  imagine  erroneously  that  teethed   wheels 

'        '.work  would   be  necessary  where  the   railway  was 
clly  \cv^\.     But  the  friction  of  iroti  on  iron   being 

{i^v  cent,  of  the  weight,  if  the  whole  load  was  upon  the 

phccls  to  which   the  moving  power  was  apfitied,  and  if  the 

iftutity  of  |x>wer  was  sufficient,  the  waggon  would  ascend 

rithout  slipping  though  the  plane  rose  one  foot  in  four^ 

rbile  even  cart  roa<is  scarcely  ever  xise  more  than  one  foot 

18  or  30,    If  four-fifths  of  the  load,  however,  were  placed 

separate  cars,  and  only  one-tenth  of  the  whole  presaav^^ 

iiistauce,' was  upon  the  axle  to  Mrt\k\i  Oae  tt\c»sw^\Qx^» 
2u2 
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was  applied,  the  power  of  ascent  by  friction   would  ooly  be 
one-teuth  of  one  foot  in  four,  or  one  foot  in  forty. 

Tbc  steam  engine,  as  we  commonly  see  it,   is  so  bull 

id  with  the  addition  of  its  fuel  and  supply  of  water, 
ponderous,  as  to  create  an  impression  on  a  first  view,  t 
its  whole  power  would  scarcely,  under  the  most  favoura 
circumstances,  transport  its  own  weight.  The  sleam-bo 
however,  which  cuts  its  way  through  the  ocean,  in  de&an 
of  tide  and  tempest,  shews  that  this  is  a  mistake.  For 
Tclocities  above  four  miles  an  hour,  the  locomotive  engii 

ill  be  found  superior  to  the  steam-boat ;  that  is  to  aay, 
afford  a  greater  amount  of/ree  power,  above  what  is 

[uircd  to  move  its  own  weight* 
\     \Vc  have  seen  various  statements  respecting  the  loi 
motive  engine,  few  of  them  so  detailed  as  could  be  desired 
from  which  we  subjoin  the  following  particulars : 
Trevithick  and   Vivlau*3    high   pressure   locomotive   en 

[ine,  with  a  cylinder  of  eight  inches  diameter,  and  a  pr 
^fture  of  65  pounds  per  square  inch  (apparently  ab4)ut  ei 
^borse  power),  drew  carnages  containing  ten  and  a  half  to 

»f  iron,  at  five  and  a  half  miles  per  hour,  for  a  distance 

line  miles.  (Stuart's  History  of  Steam  Engine,  p.  1  ' 
iWhethcr  on  a  road  or  railway  is  not  mentioned. 

We  find  it  stated  in  a  Liverpool  paper,   as  the   result  of 
inquiries  made  respecting  the  locomotive  engines,    that  otl^M 

)i  these,  of  ten  horse  power,  conveys  fifty  ions  of  goods  i^ 
rate  of  six  miles  an  hour  on  a  level  railway.     But  was 
[the  road  an  edge  or  tram  road  ? 

Mr.  Blenkinsop  stales,  in  replies  to  queries  put  by  Sir 
[John  Sinclair,  that  his  patent  lofomotive  engine,  with   two 

sight-inch  cylinders,  weighs  five  tons,  consumes  2-3d 
i.  of  coal,  and  fifty  gallons  of  water  per  hour,  draws  27 
waggons  weighing  9-1  tons  on  a  dead  level,  at  three  and  a 
lialf  miles  per  hour,  or  lb  tons  up  an  ascent  of  two  iuchet 
in  the  yard  ;  when  *  tightly  loaded'  travels  10  n»iles  an  hour, 
docs  the  work  of  16  horses  in  12  hours,  and  costs  400h 
•Another  person  says,  that  the  weight  of  this  engine  with 
vater  and  coals  is  six  tons,  and  that  it  draws  40  or  50  t( 

(waggons  included)  at  four  miles  an  hour  oti  a  level 
;Way.     (Repertory  of  Arts,  1818,  p.  19-21     This  seems 
^bave  been  a  high   pressure  engine  of  about  eight  or 
horse  power.     But  we  are  not  informed  wliat  sort  of 
[Way  it  worked  on,  how  long  its  jouruics  were,  or  what 
0)eant  by  *  lightly  loaded,' 

We  shall    take  for  granted  then   that    an   eight^boi-sc 


;r  liigb  pressore  eogia^  wM  its  dnife  of  wiler  tnd 
I,  mud  with  the  car  wbiA  boR  it,  wajgjbs  mx  tons,  and 
il  requires  so  sdditionol  sapplT  of  100  vrdgtil  of  cmI, 
id  400  weigfat  of  «rster  fior  esch  boar  it  works.  ThU  ia 
cooststcnl  wicb  olber  asocftwiied  £mcs.  We  fiod,  for 
isiaoce,  in  the  psriiuDeBttty  report  cm  Btesm  osrigmtioD, 
tbe  low  ptcmwe  eo^oes  oped  in  vessels^  wliieli  are 
Iwke  Bs  stroDf  m  stationMycfiiiei,  wciffi  about  one 
and  ooe^fifUi  for  each  borse  power,  loctad'tDg  their 
of  water  aod  coaL  Now  tlie  faifb-pressare  eogiiiea 
It  the  coDdeD&iog  apparatus  which  most  dimtiiish  the 
[ht  probably  bj  ooe-fooith  part*  Tbe  estimate  for  co^d 
ire  iacreased  one-bail^  beoanse  we  thiok  It  rather  below 
truth.  It  is  ooly  aboet  nine  pousds  per  hoar  for  each 
power*  while  Mr.  Watt  allows  twelve  pounds  for  bis 
roMre  engines. 
It  follows,  therefore,  that  an  eigbt-borse  p(»wer  focomo* 
eo^DCf  with  coal  and  water  for  eight  hoai^  woold 
igb  eight  tons*  Heoce,  balkr  aod  potideroos  as  the 
kfii'e&gine  appearv  we  fiod  that  a  locomotive  engine, 
iDg  eight  tons,  raores  bO  tons  beside  itself,  (taking  the 
moderate  estimate,)  that  is,  it  consumes  ooly  ooe- 
reotb  part  of  tbe  power  it  creates,  when  tra veiling  at  four 
lies  an  hoor ;  or  the  free  poteer  applicable  to  other  pttr- 
tJT  Mtven-eighths  of  the  whoh*  This  is  the  resoU  of  ao 
ly  experiment,  made  probably  npon  a  rail-road  not  of  tbe 
»t  kind,  and  with  vehicles  much  less  perfect  than  they 
ret  be  rendered.  Though  it  falls  much  nnder  tbe  efiect 
theoretically,  it  does  not  strike  us  as  being  ilcou- 
It  with  the  truth  of  tbe  priDciples  on  which  tbe  calcu- 
was  founded. 
The  high  pressure  engine,  on  account  of  its  smaller 
sight  and  bulk,  is  evideuily  best  adapted  for  railways ;  and 
can  be  osed  with  perfect  safety,  because  it  may  be  easily 
klaced  in  a  car  by  iuelf,  a  few  feet  before  the  vehicle  iii 
which  the  passengers  are.  The  vehicle  itself,  by  its  regular 
aleady  motion  on  tbe  railway,  would  answer  the  pur- 
of  %  fly-wheel  in  tbe  roost  perfect  manner.  The  en- 
Ine  migfit  run  upon  six  wheels,  which  should  be  locked 
►iher  by  teeth  pinions,  that  the  tendency  to  slip  might  be 
resisted  by  the  friction  of  the  whole  mass  of  eight  tons* 
^dhe  best  form  of  a  steam  coach  for  the  conveyance  of 
^^bigers  would  probably  be  the  following: — A  gallery 
seven  feet  high,  eight  wide,  and  100  feet  in  length,  formt<l 
10  separate  galleries  lU  feet  long  each,  couuccted  wiih 
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each  Other  by  joints  working  horizontally,  to  allow  the 
to  bend  where  the  road  turned.     A  narrow  covered 
way»  suspended  on  the  outside  over  the  wheeb  on  oue  suit; 
would  serve  as  a  ooinmon   means  of  coaimuDication  for  tbj 
whole,     Ou  the  other  side  might  be  outside  seat.s,  to  be  us( 
ill  fine  weather.     The  to|)»  surrounded   with  a  rail,  migl 
alsu  be  a  sitting  place  of  piomenadc^  like  the  deck  of 
track  boat*    Two  of  the  10  rooms  might  be  set  apart 
cooking,  stores^    and    various   acconnnodations ;  the  oti 
eight  would  lodge  100  passengers,  whose  weight,  with    tl 
of  iheir  luggiige,  might  be  12  tons.    The  coach  itself  roij 
be  12  tons  more  ;  and  that  of  the  locomotive  aiaehiue,  eig^ 
tons,  added  to  these,  would  make  the  whole  32  tons.     Eft( 
of  the  short  galleries  might  hare  four  wheels ;  but  to  Icssi 
the  friction,  the  tsvo  first  wheels  only  should  be  grooved,  tbi 
two  last  cylindrical,  and  three  or  four  times  as  broad  as  the 
thickucss  of  the  rail.     The  conveyance  of  goods  would 
cllectcd  by  a  train  of  small  waggons  loosely  attached  to  ea( 
other. 

It  will  be  observed  from  the  table  we  have  given  aboi 
that  it  would  require  seven  horse  power  to  inifn^l  a  steal 
boat  weighing  15  tons  at  12  miles  an  hour.     'Thia  gives 
Ii>ad  of  two  ions  so  moved  ;  however,  the  engine,  if  a  U 
pressure  one,  with  watcrand  eight  hours*  coals,  would  weij 
licarly  10  tons,  and  the  vessel  would  weigh  at  least  five ; 
that  the  whole   power  of  the  engine  would  be  expended 
impelling  itself  and  the  ship  containing  it,  at  the  suppose 
rate,  and  no  free  power   would   remain   for  freight.    Fa< 
shnvv    that    the    resistance    is   actually    rather  greater   ii 
water  than  theory  in  this  case  represents  it.     We  have  cal- 
culated from  data  furnished  by  the  ParlianicnLary  Report 
steam  navigation,  that  the  entire  burden  on  the  engine 
vessels  going  only  eight  or  nine  miles  an   hour   in  calf 
weather^  rarely  exceeds  three  tons  for  each  horse  pow 
while,  according  to  the  table,  it  should  be  five  tons.  Indeed 
in  our  common  steam-vessels  for  passengers,  going  eight 
nine  njiles  an  hour,  the  ship  and  engine  may  be  considei 
as  constituting   the   whole  burden.      For  50  passeugej 
weighing  perhaps  with  their  luggage  six  or  eight  tons,  placi 
on  board  a  ship  weighing,  with  her  engine  of  GO  or  70  hoi 
power,  a  hundred  and  fifty  or  hundred  and  eighty  tons,  fori 
but  an  addition  of  one-twentieth  or  one.  thirtieth  to   ih^ 
mass^-a  quantity  of  no  importance  in  a  practical  point 
view.     If  we  convert  the  steam-engioc  power  into  real  horse 
power,  and  figure  to  ourselves    100  horses  employed  to 
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draw  aO  persons,  we  see  what  an  enormous  waste  of  i>ower 
there  is  in  ihe  mode  of  conveyance.  We  may  remark  fur- 
ther, that  the  tenor  of  the  evidence  given  before  the  Par- 
liamentary Committee  renders  it  extreojcly  doubtful,  whether 
any  vessel  could  be  constructed,  that  would  bear  an  engine 
capable  of  impelling  her  at  the  rate  of  two  miles  an  hour, 
without  the  help  of  wind  or  tide. 

W^hen  the  steam  coach  is  brought  fully  into  use,  practice 
will  teach  us  many  things  respecting  it,  of  which  theory 
leaves  us  ignomnt.  With  the  facilities  of  rapid  motion 
which  it  will  afford,  however,  we  think  we  are  not  too  san- 
guine, in  expecting  to  see  the  present  extreme  rate  of  tra- 
veHing  doubled/' 

This  practicability  of  conveying  individuals  or  merchan* 
dize  at  the  speed  required  in  the  present  improved  state  of 
our  internal  intercourse  with  the  different  parts  of  the  king- 
dom, has  created  much  doubt  and  discussioo  with  many  able 
and  practical  mechanics.  The  queslion  seems  to  resolve 
itself  thus,  Do  the  friction  incmred  by  any  moving  body, 
laying  aside  the  resistance  of  the  atmosphere,  increase  in 
proportion  to  its  velocity  ? 

Without  going  into  any  diffuse  or  theoretical  argument  on 
this  point,  we  shall  merely  cite  that  by  the  results  of  actual 
experiments  instituted  by  Vincc  and  Coulomb,  it  appears 
thai  friction  does  not  increase  in  proportion  to  the  velocity. 

By  experiments  made  also  by  Stephenson  and  Wood, 
it  appears  that  the  force  required  to  keep  a  given  weight  in 
motion  does  not  vary  with  the  velocity :  thus,  a  force  of 
I4ib9.  was  found  to  overcome  friction,  and  keep  in  motion 
iin  empty  coal  waggon,  weighing  23*25  cwt.  on  a  rail -road  ; 
and  that  on  doubling  the  velocity,  no  more  force  was  re- 
quired. Further  also  it  appears,  that  on  increasing  the 
weight,  or  load,  the  power  required  to  overcome  the  fric- 
tion, and  keep  the  waggon  in  motion,  did  not  increase  in  si- 
milar proportion,  but  up  to  76*25  cwt.  was  about  cue-four- 
teenth le^s. 

Notwithstanding  the  simple  and  satisfactory  manner  by 
which  the  experiments  that  led  to  these  results  were  con- 
ducted, the  fact  has  been  still  much  doubted.  We  cannot 
therefore  do  better  than  to  extract  from  the  Manchester 
Guardian  the  following  article,  which  contains  an  account 
of  experiments,  with  most  conclusive  results,  made  by  that 
able  mechanic,  Mr.  Roberts  of  Manchester : — 

*'  The  object  of  the  papers  on  rail-roads  which  appeared 
in  the  Scotsman,  was,  in  a  irreat  measure,  to  shew  the 
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ticability  of  transporting  commodities  upon  rail-roads  at  a 
vary  cousiderable  speed ;  and  (with  some  ftdlacies^  which 
we  shall  endeaFonr  to  point  out)  they  contain  a  great  deal 
of  valnable  information^  on  the  relative  merits  of  highways, 
canals^  and  rail-roads.  The  principal  point,  however,,  and 
the  one  to  which  we  shall  confine  our  observations,  is  an 
enunciation  of  the  laws  which  regulate  the  friction  of  rolling 
and  sliding  bodies,  as  deduced  from  the  experiments  of 
Vince  and  Coulomb.  With  a  view  to  the  illustration  of 
this  part  of  the  subject,  some  very  important  and  coiicla<- 
sive  experiments  have  recently  been  made  in  this  town,  to 
which  we  shall  by  and  by  have  occasion  to  refer  at  some 
length ;  but  before  doing  so,  we  must  make  a  few  observa- 
tions on  the  rule  laid  down  by  the  Scotsman,  and  the  mis- 
conceptions which  appear  to  have  prevailed  respecting  it, 
both  in  that  journal  and  in  other  quarters. 

After  comparing  the  resistance  experienced  by  a  boat 
moving  through  the  water,  with  the  friction  which  retards 
the  progress  of  a  waggon  on  a  rail-  road,  and  stating  that 
they  are  governed  by  different  laws,  the  Scotsman  notices 
the  conclusions  established  by  the  experiments  of  Vince  and 
Coulomb ;  the  most  important  of  which  is,  that  thejrictian 
cf  rolling  and  sliding  bodies  is  the  same  for  all  velocities. 
The  writer  then  observes  : — 

*  It  is  with  this  last  law  only  that  we  have  to  do  at  pre- 
sent ;  and  it  is  remarkable  that  the  extraordinary  results  to 
which  it  leads,  have  been,  as  far  as  we  know,  entirely  over- 
looked by  writers  on  roads  and  railways.  These  results, 
indeed,  have  an  appearance  so  paradoxical,  that  they  will 
shock  the  faith  of  practical  men,  though  the  principle  from 
which  they  flow  is  admitted  without  question  by  all  scienti- 
fic mechanicians. 

*  First.  It  flows  from  this  law,  that  (abstracting  the  re- 
sistance of  the  air,)  if  a  car  were  set  in  motion  on  a  level 
railway,  with  a  constant  force  greater  in  any  degree  than 
is  required  to  overcome  its  friction,  the  car  would  proceed 
with  a  motion  continually  accelerated,  like  a  falling  body 
acted  upon  by  the  force  of  gravitation ;  and  however  small 
the  original  velocity  might  be,  it  would  in  time  increase 
beyond  any  assignable  limit.  It  is  only  the  resistance  of  the 
air  (increasing  as  the  space  of  the  velocity)  that  prevents  this 
indefinite  acceleration,  and  ultimately  renders  the  motion 
uniform. 

*  Secondly.  Setting  aside  again,  the  resistance  of  the  air 
(the  effects  of  which  wc  shall  estimate  by  and  by,)  the  very 


amount  of  constant  force  which  impels  a  car  on  a  rail- 
way at  two  miles  an  hour,  would  impel  it  at  ten  or  twenty 
miles  an  hour,  if  an  extm  force  were  employed  at  first  to 
overcome  the  inertia  of  the  car,  and  geuemtc  the  required 

ocity.  Startling  as  this  proposition  may  appear,  it  is  an 
putable  and  necessary  consequence  of  the  laws  of 
on. 

*  Now  it  \rould  at  all  times  be  easy,  as  we  shall  afterwards 
show,  to  convert  this  accelerated  motion  into  a  uniform 
of  any  determinate  velocity ;  and  from  the  nature  of  the  re- 
liistance,  a  high  velocity  would  cost  almost  as  little,  and  be 
as  readily  obtained  as  a  low  one.  For  all  velocities,  there- 
fore, above  four  or  five  miles  an  hour,  rail-ways  w^ill  afford 
facilities  for  comninnication  prodigiously  superior  to  canals, 
or  arms  of  the  sea.' 

Now  we  are  perfectly  satisfied,  both  by  the  experiments 
ofVinceand  Coulomb,  and  those  more  recent  and  conclu- 
sive experiments,  to  which  we  have  already  alluded,  that 
the  rule  laid  down  here  is  correct  i  but  the  writer  ought  to 
have  guarded  against  the  misconception  to  which  his  last 
paragi-aph  is  liable.  When  he  says  that  a  high  velocity 
would  cost  almost  as  little  as  a  low  one,  he  should  have 
■aid  that  it  would  cost  as  little  per  mile,  or  as  little  over  any 
given  space :  for  it  cannot  be  bis  meaning,  that  a  carriage 
can  be  kept  moving  for  an  hour,  or  for  any  given  time,  at  a 
high  velocity,  with  as  little  expenditure  of  power,  as  at  a  low 
velocity.  Yet  this  he  has  been  generally  understood  to 
mean,  and  a  great  deal  has  been  written  and  said  with  a 
view  to  prove  that  he  was  mistaken  ;  when  iu  fact  he  was 
only  misundei*stood.  In  a  subsequent  article,  however, 
the  author  appears,  in  some  degree,  to  have  fallen  into  the 
same  error  into  which  he  has  led  other  persons.     He  says  : 

*  Every  body  knows  that  the  rate  of  stnge  coach  travel- 
ing in  this  country  has  increased  within  the  last  twenty- five 
years,  from  six  or  seven  miles  an  hour  to  eight  nr  nine,  and 
this,  too,  before  roads  w^ere  M 'Adam i zed,  and  with  much 
less  injur}'  to  the  horses  than  was  anticipated.  Supposing 
that  a  coach-horse  could  run  fourteen  miles  unloaded,  *vith 
the  same  muscular  exertion  which  carries  forward  the 
stage-coach  at  eight  or  nine  miles,  then  professor  Leslie's 
formula  becomes  3'4ths  (14  t')2.  Each  horse  would,  of 
course,  draw  with  a  force  of  481  bs,  at  six  miles,  and  of 
271b8,  at  eight  miles  an  hour.  But  if  the  friction  increased 
_    in  the  ratio  of  the  velocity,  the  load  upon  each  horse  would 
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from  six  to  eight  miles  an  hour ;  and  as  the  horse  exertiu 
the  same  strength,  would  only  pull  with  a  force  of  271bi 
he  would  thus  have  more  tlmu  double  work  to  do,  which 
plainly  impossible.  But  admit  that  the  friction  is  equal 
equal  times ;  then,  since  the  time  is  diminished  l-4th 
increasing  the  speed  from  six  to  eight  miles  an  hour,  t 
horses  have  actually  4- 5ths  less  to  do  j  the  load  upon  each 
reduced  from  481bs,  to  36,  and  the  horse  woukl  have  to  i 
crease  its  exertion  only  l-3rd,  that  is,  from  271  bs.  to 
The  facts,  we  believe,  will  be  found  strictly  consistent  wi 
this  hypothesis,  and  decidedly  at  variance  with  the  oth 
However  strange  it  may  sound,  then,  to  common  observe 
it  is  practically  true,  that  a  smaller  absolute  amount  of  fori 
will  di^  a  coach  over  the  same  space  in  three  hours  than 
four,  and  in  one  than  in  two/ 

This  paragraph  seems  to  us  to  contain  a  very  obvio 
fallacy.     If  the  speed  be  increased  from  six  miles  an  hour 
eight,  the  horses  have  by  no  means  l-4th  less  work  to  d 
supposing  the  friction  a  constant  quantity,  and  the  tractl 
consequently  the  same.     It  is  true   that  they  exert  th 
power  for  a  shorter  time,  but  it  is  over  the  same  distan 
Supposing  tiie  power  of  traction  necessary  to  overcome  t 
friction  is  lOOOlbs.,  then  that  power  must  be  extended  ov 
every  yard  of  the  distance,  whether  the  carriage  moves 
six  or  eight  miles  an  hour  :  and   it  is  by  the  distance,  n^ 
the  time,  that  the   power  must  be  measured.    That  t 
must  be  the  case,  will  be  obvious  if  the  experiment  be  put 
in  another  shape.     Suppose  a  perfectly  horizontal  rtulway, 
a  mile  long,  with  a  perpendicular  descent  of  a  mile  at  one 
end  of  it,  as  represented  in  Bg,  G52, 

Suppose  a  waggon  placed  on  this  railway  at  A,  at- 
tached to  a  rope  passing  over  a  pulley  at  B,  and  loaded  at 
that  point  with  a  weight  exactly  sufficient  to  overcome 
friction,  then,  if  the  resistance  of  the  air  is  nothing, 
the  rope  be  without  weight,  it  follows,  from  the  rule 
down,  that  if  the  waggon  is  set  in  motion  at  any  gi\*en 
speed,  it  will  continue  to  move  at  that  rate,  until  it  reaches 
the  point  B  and  the  weight  falls  to  C.  But  whether  the 
waggon  posses  over  the  railway  in  an  hour  or  in  th 
minutes,  it  is  obvious  that  the  same  weight  will  dcscen 
through  the  same  space,  and  that  consequently,  the  sa 
aiijount  of  power  will  be  expended.  It  is,  perhaps,  nee 
sary  to  observe  here,  that  if  the  weight  is  only  just  su 
cieot  to  overcome  the  friction,  there  will  (as  is  proved 
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mctits  of  Mr.  Vitjce)  be  uo  acceleration  of  motion 
inciple  of  fuiling  bodies. 
owever,  thoiigb  a  carriage  cannot,  as  vi'c  tbink  we 
TC  *hewn,  be  moved  ten  milca  in  one  hour^  with  a  similar 
[jjcnditurc  of  power  than  in  two,  it  in  very  intcrcBting  to 
that  it  can  be  moved  with  the  same  expendiluret 
tiTig  the  resiijtance  of  the  air.)  In  many  cases  dis- 
is  of  80  much  ctmscqiicnce,  that  the  eJncidation  and 
ation  of  this  rule  will  probably  lead  to  very  important 
ults.  Many  persons,  however,  arc  ver)^  sceptical  on  ttiis 
bject,  and  contend  that  the  experiments  of  Vince  and 
6aJomb  do  not  authorise  any  such  conclusions  as  Jiave 
ecn  drawn  from  them.  It  has  been  asked,  if  tlie  game 
instant  force  will  move  a  carriage  as  well  at  a  high  as  at  a 
w  velocity,  why  we  do  not  see  something  like  this  in  prac- 
ce ;  why  a  carriage  moved  by  a  steam-engine  instead  of 
pc|niring,  as»  it  proceeds,  a  high  degree  of  velocity,  moves 
at  one  uniform  rate  after  it  ha«  overcome  the  ri.9  inertia 
i  the  commencement  of  its  jouniey  ?  We  think  the  rea* 
m  is  very  obvious.  A  locomotive  steam-engine  does  not 
ert  the  same  constant  force  on  the  peripheries  of  the 
beds  of  the  carriage,  when  it  movi  s  at  ditTerent  veloci- 
For  instance,  suppose  the  piston  of  an  engine  to  move 
feet  in  a  minute,  and  to  imj>cl  the  peripherics  of  the 
•avelling  wheels  at  a  velocity  of  two  miles,  and  with  a 
rce  just  suilicieut  to  overcome  the  friction,  how  can  the 
lecd  be  augmented  without  increasing  the  power  of  the 
iginc  ?  If  the  diameter  of  the  wheels  be  increased  with 
e  view  of  increasing  the  sjKed,  the  force  with  which  they 
re  impelled  will  be  diminished  in  the  same  proportion  ; 
d  the  engine  will  stop,  unless  the  pressure  is  increased, 
\3  increase  that,  of  course,  will  be  to  augment  the  power. 
5  it  is  obvious,  therefore,  that  a  steam-engine  cannot  ex- 
t  the  same  force  at  diffcTcnt  velocities,  some  other  means 
o»l  be  devised  for  putting  to  the  test  of  experiment  the 
ulc  laid  down  in  the  Scotsman. 
We  now  come  to  the  most  important  and  interesting 
art  of  this  article.  As  none  of  the  experiments  of  Vince  or 
Joulomb  (80  far  as  we  have  seen  or  heard  them  detailed) 
made  with  bodies  resembling  railway  waggons, 
in  form,  or  in  the  nature  of  their  motion,  the  cor- 
M  of  the  conclusions  deduced  from  them  with  rcsjiect 
swch  '  ,  was  doubted  by  many   persons  of  consi- 

crable  -  ^c.  atttunmeuts*     1 L  became  desirable,  there- 

re,  that  other  experiments  should  be  tried,  with  carriages 
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upon  railways,    which,  of  courije,  would  be  much   moi 
satisfactory.    This,  however,  it  did  not,  at  first  sight,  n[ 
pear  very  easy  to  accomplish  in  a  satisfactory  manner  :  b\ 
Mr.  Roberts,  of  this  town,  recently  devised  a  mode  of 
termining  the  poin*:,  which  ajjpears  to  us  wholly  unobjec- 
tionable, and  which  exhibits,  in  a  high  degree,  the  simpli* 
city  and  facility  of  execution,  by  which  that  gentlenian'i 
inventions  are  so  eminently  di.stinguishcd.      It   was  vei_ 
difficult  to  devise  means  for  measuring  accurately  the  fric^ 
lion  of  a  carriage   moving  over  a  railway;  but  it  occui 
to  Mr,  Roberts,  that  the  difficulty  would  be  obviated  if  th 
railway  iverc  made  to  move  under  the  carriage.    When  thi 
idea  once  presented  itself,  it  was  easy  to  reduce  it  to  prac- 
tice.    Mr.  Roberts  therefore  constructed  an  apparatus, 
which  fig.  654  will  give  a  pretty  correct  notion. 

A  18  a  small  wa^i^un  wiiti  fi>iir  cast  iron  wLcelSt  placed  on  the  perU 
phcry  of  aciiat  iron  clrura  It,  three  feet  in  diameter,  and  six  ipchen  bi 
(which  acU  as  the  rail-road.)     ThiR  drum  ia  fastened  on  tlic  ftiirne  shaft 
the  pulley  C,  which  is  driven  at  different  specdsi  by  a  strap  from  anotht 
piillev.    The  waggon  is*  attached  by  a  wire  to  one  of  Marriot'a  patci 
weifii^hin*  machines  P,  for  the  purpose  of  measuring-  the  friction,  and  th< 
board  G,  prevents  the  ctirrent  of  air,  ocrasioned  hy  the   motion  of  th( 
drum,  frurn  acting"   upon  the  carriaije.     Now  if  tlje  drum  be  driven  wit! 
Auy  given  velocity,  say  four  miles  an  hour,  in  the  direction  indicated  b] 
the  mark  E,  and  the  wag^si-on  held  In  its  place  by  the  wire  which  attachelj 
it  to  the  indcx»  it  is  perfei-tly  ubvioua  that  the  wheels  will  rerolve  on  th< 
drum  in  precisely  the  «arae  manner  as  if  the  watf^on  moved  forward  on 
horiiontal  road  ;  and  the  friction  will  also  be  thesamc*  except,  perhaps, 
Bmall  add^tidn  occasioned  by  the  curvature  of  the  drum,  hut  which  w 
not  affect  the  rfiatfve  frictions  of  different  speeds.     As  the  wa^jfon  iit  si 
tionary,  the  resistance  of  the  air  will  be  entirely  p^t  rid  of ;  and  theiadei 
of  the  machine  will  indicate  the  precise  amount  of  traction  necessary 
orereume  the  friction.    Of  course,  in  making  the  ex|>criment,  it  will 
necffisarv  to  keep  tlie  centre  of  the  waf  pou  exaetlif  over  ihr  axis  of  ti , 
drum;  for  if  it  were  permitted  to  g^o  beyond  the  centre,  a  part  of  the 
weight  would  be  added  tu  the  friction  ;  if,  on  the  contrary,  it  was  brought 
nearer  the  index,  a  part  of  the  wcig'ht  would  act  as^ainat  the  friction,  «i  *" 
dimiiiifih  the  aiiparent  quantity.    The  tempering  screw  F.  ia  thcrefu 
added  to  keep  tne  wag^gon  in  iti*  proper  Bituation,  in  whatever   way  the 
gprin^  of  the  wei^'hinsr  tnachine  may  be  acted  upon  by  the  friction. 

This  simple  apparatus  having  been  constructed,  a  uu mbcr  of  experi-^M 
menta  were  made,  chicHy  with  a  view  tn  determine  whether  the  frirtioil^| 
were  the  fiament  different  velocities.     The  wa§^^nn  was  loaded  with  fifly^^ 
pounds,  (includiog^  its  own  weii:fht)  and  the  drum  was  driven  at  different 
velocities,  varyin§f  from  two  to  twenty-four  miles  an  hour  on  the  periphe- 
ry: b<it  in  every  case,  the  friction,  a«  indicated  by  the  weijfhinj^  machine, 
wa«  precisely  the  same.     No  increase  of  sliced  affected  the  index  at  rI], 
but  on  tncreasiu"-  the  weight,  it  immediately  showed  a  corresponding  in- 
crease of  friction. 

Wc  consider  these  experiments  as  perfectly  conclusive 
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the  fact,  that  the  friction  on  a  railway  is  the  same  for  all 
(locities ;  and  that  a  carriage  may  be  propelled  twenty  miles 
'  oiir^  with  the  same  amount  of  force  which  woufd 
arj'  to  drive  it  tweuly  miles  in  ten  hours,  provided 
t;  rt'bl.Hranee  of  the  atmosphere  was  out  of  the  question  : 
d,  if  the  carriage  was  properly  constructed,  that  would 
t  amount  to  much.  In  other  words,  goods  may  be  cod- 
tycd  from  Manchester  to  Livcrpo<^l,  on  a  rail-road,  with 
•ry  nearly  tlie  same  expenditure  of  steam,  whether  they  are 
trricd  two  miles,  or  four  miles,  or  twenty  miles  an  hour.  A 
cam  engine,  which  will  propel  twenty  tons  at  four  miles 
I  hour,  will»  with  the  same  expense  of  coals,  propel  ten 
ns  at  eight  miles  art  hour ;  so  tbat,  with  the  smaller  load, 
fnight  make  a  journey  lo  Liverpool  and  back,  in  the  same 
me  which  would  be  occupied  in  going  thither  with  the 
^rger  load  Or,  to  put  the  matter  in  another  shape  :  sup* 
ose  a  four-horse  engine  will  conve^^  forty  tons  to  Liver|)Ool 
eight  hours,  an  eight  horse  engine  will  convey  the  same 
reiglit  thither  in  four  hounn.  There  will  be  the  same  ex- 
enditure  of  steam  in  both  cases,  but,  in  the  latter,  a 
iving  of  half  the  time  ;  a  saving  which,  we  need  not  add, 
ill  frequently  be  of  immense  importance/* 
These  practical  i*csults  are  very  satisfactory,  as  the  hope 
I  propelling  carriages  at  a  suitable  speed,  for  the  more  ra- 
id dispatch  of  business,  and  conveyance  of  passengers,  is 
lereby  placed  almost  beyond  a  doubt. 
We  ought  to  notice  hei-e,  the  striking  difTcrence  in  the 
►rce  requisite  to  give  rapid  motion  on  a  rail-road  to  that  ou 
canal  or  navigable  river.  These  latter  are  governed  by  a 
►tally  different  law,  as  the  resistance,  or  head  of  water  on 
ic  bows  of  the  boat,  increase  as  the  squares  of  its  velocity ; 
)nsequently  it  will  require  four  times  the  power  to  double 
le  speed.  But,  on  the  other  hand,  it  must  be  admitted, 
kat  in  all  speeds  under  three  miles  per  hour,  the  cajial  has 
decided  advantage,  as  the  force  increases  as  the  speed  di- 
linishcs. 

With  respect  to  the  horse,  it  is  well  known,  that  his 
lower  decreases  as  his  speed  increases  ;  and  that  when  he  id 
ravelling  at  his  greatest  speed,  which,  with  a  weight,  seU 
m  exceeds  13  miles  per  hour,  he  is  able  to  exert  little  or 
strength.  We,  therefore,  take  it  for  granted,  that  in  the 
t  improved  state  of  our  manufactures,  artificial  pow- 
somc  description  must  be  resorted  to,  and  whatever 
:pericuce  may  prove  to  be  the  most  economical,  the  ap» 
licati(»n  of  that  power  is  the  ino»t  important   part  of  the 
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to  the  paper  alluded  to  by  Mr.  Thompson^  id  the  Repertory 
of  Arts,  for  March,  1822,  to  a  work  which  will  shortly 
issue  from  the  Press,  by  Mr.  N.  Wood  of  the  Killingworth 
Colliery,  of  whose  experiments,  in  conjuuction  with  Mr. 
Sylvester,  we  have  already  had  occasion  to  speak,  and  to 
Observations  on  a  General  Iron  Railway,  by  Mr.  Gray. 
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GEOMETRY. 

BoirsTRY  h  that  branch  of  mfttbcmatica  wbick  treatt  of  the  de- 

kfcioaaod  properties  of  magoitudcs  \n  general 

D^itlon$  or  Explanation  of  Terms, 
A  point  has  neither  lengthy  breadth^  nor  thickoesa.  Froiu  thia 
ioitJOD  it  may  easilv  be  understood  that  a  mathcmadcal  point  can- 
»t  be  seen  nor  fdt  j  it  can  only  be  imagined.  What  is  commonly 
lied  a  point,  as  a  small  dot  made  with  a  pencil  or  pen,  or  the  point 
He,  is  not  in  reality  a  tnatUematical  point  ;  for  however  small 
dot  may  be^  yet  if  it  be  examined  with  a  magnifying  glass,  it 
found  to  be  an  irr^ular  spot,  of  a  very  aensible  length  and 
idth;  and  our  not  being  able  to  measure  its  dimensions  with 
naked  eye,  arises  only  from  its  smallness.  The  same  reaaoning 
ly  be  applied  to  every  thing  that  is  usually  called  a  point  ^  evea 
t  point  oi  the  finest  needle  appears  like  that  of  a  poker  when  ex- 
lined  with  the  microscope. 

2.  A  line\s  length,  without  breadth  or  thickness.  What  was  tatd 
>ve  of  a  i^tnt,  is  also  applicable  to  the  defmition  of  a  line.  What 
drawn  upon  paper  with  a  pencil  or  pen,    is  not  in  fact  aline^  but 

representation  of  a  line.  For  however  fine  you  may  make  these 
»resentation3,    they  will  still   have  9ome  breadth.     But  by  the 

iifmition,  a  line  has  no  breadth  whatever,  yet  it  is  impossible  to 
kw  any  thing  so  fine  as  to  have  no  breadth.    A  line  therefore*  can 

dy  be  imagined.     The  ends  of  a  line  are  points.  . 

3.  A  right  tine  is  what  is  commonly  called  a  straight  line,  or  that 
ids  every  where  the  same  way. 

4.  A  curve  is  a  line  which  continually  changes  its  direction  between 
extreme  points. 

5.  Paralld  lines  are  sach  as  always  keep  at  the  same  distance 
)m  each  other,  and  which,  if  prolonged  ever  so  far,  would  never 

St,     fig.\. 

0.  An  angle  is  the  inclinattoa  or  opening  of  two  lines  meeting  in 
ipointj  Fis*  2. 
7.  The  lines  AB.  and  BC,  which  form  the  angle,  are  called  the 
or  sides  \  and  the  point  B  where  they  meet,  is  called  the  verttjc 
tlie  angle,  or  tUti  angul^  point.  An  angle  is  sometimes  express- 
by  a  letter  placed  at  the  vertex,  as  the  angle  B,  Fi^.  2  ;  but  roo«t 
lomouly  by  th'rec  letters,  observing  to  place  in  the  middle  the  letter 
the  vertex,  and  the  other  two  &t  the  end  of  each  \eg,  as  the 
ABC. 
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Bm  When  one  line  stands  upon  anotbtT,  so  as  not  to  lean  more  to 
6ne  Aide  tban  to  another,  both  ebe  angles  which  it  makes  vrith  the 
c\\i€T  tiTG  cnWcd  right  angUs^  aa  live  apgles  ABC  and  A BD,  Fig^.S, 
and  aJl  right* angles  aro  equal  to  each  other,  being  all  equal  to  90*; 
au(^  the  line  AB  is  said  to  be  perpendicu/ar  to  CD. 

Beginners  are  very  apt  to  confoond  the  terms  perpendicular^  and 
plnml  or  verticat  line,  A  line  is  vertical  when  it  is  at  right-angles 
to  the  plonc  of  the  horizon,  or  level  surface  of  the  earth,  or  to  the 
fitnface  of  water,  which  is  always  level.  The  sides  of  a  house  are 
vertical.  But  a  line  may  bo  perpendicolar  to  another*  whether 
stands  upright  or  incrmes  to  the  ground,  or  even  if  it  lies  Sat  d 
it,  provided  only  that  it  makes  tlie  two  angles  formed  by  raecti 
vvilh  the  otlicr  line  equal  to  each  other  j  as  fw  instance,  if  the  angl 
ABC  and  ABD  be  equal,  the  lirisAB  ja  perpendicular  to  CD^  wfaal^ 
ever  may  be  its  position  in  other  respects, 

9.  When  one  line,  BE  {Fig.  3.)  stands  upon  another,  CD,  so  as 
to  incline,  the  angle  EBC,  which  is  greater  than  a  right-angle,  is 
called  an  obtuse  angle  ;  and  that  which  is  less  than  a  right-angler  is 
CTklled  an  acute  angle,  as  the  angle  EBD, 

10.  Two  angles  which  have  one  leg  in  commoa,  as  the  angles 
ABC,  and  ABE,  arc  called  mntiguous  angles,  or  adjoining  angles  ; 
those  which  are  produced  by  the  crossing  oiF  two  lines,  as  the  angles 
EBD  and  CBF,  formed. by  CD  and  EF,  crossing  each  other,  arc 
CJiilled  opposite  or  vertical  angles. 

1 1.  A  figure  is  a  bounded  space,  and  is  either  a  surface ot  a  satid* 

12.  A  superficies t  or  surface,  has  length  and  breadth  toly.     T 
extremities  of  a  superficies  are  lines. 

13.  A  plane,  or  plane  surface^  is  that  which  is  everywhere  per- 
fectly flat  and  even,  or  which  will  looch  every  part  of  a  straight  line, 
in  whatever  direction  it  may  be  kid  npon  it.  The  top  of  a  marble 
slab,  for  instance,  is  an  example  of  this,  which  a  strait  edge  will 
tOQch  in  every  points  so  that  you  cannot  see  light  any  where  between, 

14.  A  curved  surface  is  that  which  will  not  coincide  with  a  straight 
line  in  any  part*     Curved  surfaces  may  be  either  convex  or  concave. 

15.  A  convex  surface  is  when  the  surface  rises  up  in  the  naiddle, 
AS,  for  instance,  a  part  of  the  outside  of  a  globe. 

1^.  A  concave  surface  is  when  it  sinks  in  the  middle,  or  is  hollow, 
«nd  is  the  contrary  to  convex. 

A  surface  may  be  bounded  either  by  straight  lines,  carved  lines,  of 
both  these, 

1 7.  Every  surface,  bounded   by   straight  lines  only,   is  called  a 
polygon.     If  the  aides  are  all  eqnnl,  it  is  CNlled  a  regular  polygon, 
they  are  unequal,  it  is  called  an  irregular  polygon.     Every  polygo] 
whether  equal  or  unequal,  has  the  siime  number  of  sides   as  augl 
mid   they  are  denominated  somt-limcs  according   to  the  nombcr 
mde!t,  iind  sometimes  from  the  number  of  angles  they  contain.  Thus  a 
iigDre  of  three  sides  is  caUed  a  triangle,  and  a  figure  of  fotirsid^^ 
tfundrangU. 

A  pentagon  is  a  polygon  of  live  sides.^ 
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hsxagon  baB  six  sides. 
heptagon  sereo  sides. 
octagon  eight  sides. 
A  nonagona'me  sides. 
A  decagon  ten  aldeu. 
An  undccagon  eleveo  sides* 
A  duodecagon  twelve  sides. 

Wben  they  have  a  greater  number  af  sides,  it  ia  ttaual  to  caJl  them 
jpolygons  of  13  sides,  of  14  sides,  and  so  oo. 
I     Triangles  are  of  different  kinds,  according  to  the  lengths  of  their  sides. 
18,  An  equilateral  triangle  has  all  its  sides  equa^  as  ABC,  Fig,  4. 
ly.  An  isotceles  triangle  has  two  equal  aides,  as  UEF,  Fig,  5. 

20.  A  scalene  triangle  has  all  its  sides  unequal,  aa  GHl,  Fig>  ft. 
Triangles  are  also  denominated  according  to  the  angles  they  contain. 

21.  A  right-angled  triangle  id  oqq  that  has  in  it  a  right  angle,  lU 
ABC,  Fig,  1. 

22.  A  triangle  cannot  have  more  than  one  right-angle.  The  side 
opposite  to  the  right*anglc  B,  as  AC,  is  called  the  hypothcnusej  and 
U  always  the  longest  side, 

23.  An  oMus€*angUd  triangle  has  one  obtuse-angle,  aa  Fig.  8. 

24.  An  acute-angled  triangle  has  all  ils  angles  acute,  as  Fig,  4. 

25.  An  isoscelcii^  or  a  scalene  triangle,  may  be  either  rigbt- 
I  angled  J  obtuse,  or  acute. 

26.  Any  side  of  a  triangle  is  said  to  iuhtend  the  angle  opposite  to 
it:  thus  AB  (Fig,  7J,  subtends  the  angle  ACB. 

27.  1/  the  side  of  a  triangle  be  drawn  out  beyond  the  figure,  as 
ADCFig,  S),  the  angle  A,  or  CAB,  is  called  an  internal  angle,  and 
the  aogK  CAD,  or  that  without  the  figure,  an  «jf/^na /angle. 

28.  A  quadrangle  is  also  called  a  quadrilateral  hgure.  They  are 
of  various  denominations,  as  their  sides  are  equal  or  unequal,  or  as  all 
their  angles  are  right-nnglcs  or  not. 

29.  Every  foar*sided  figure  whose  opposite  sides  are  parallel,  is 
called  a  parallelogram.  Provided  that  the  sides  opposite  to  each 
Other  be  parallel,  it  is  immaterial  whether  the  angles  aro  right  or 
not.     Fie.  9,  10,  1 1,  and  12,  are  all  parallelograms. 

30.  When  the  angles  of  a  parallelograyi  are  all  right-angles,  it  is 
called  a  rectangular  parallelogram  or  a  rectangle,  as  Fig*  1 1  and  12. 

3  L  A  rectangle  may  have  all  its  sides  equal,  or  onjy  the  opposite 
sides  equal.     When   ail  its  sides  are  equals  it  is  called  a  square,  as 

rig.  I?. 

'S2.  When  the  opposite  sides  are  parallel,  and  all  the  sides  equal 
to  each  other,  but  the  angles  not  right-angles«  the  parallelogram  is 
called  a  rhomlmt  as  Fig*  10. 

33.  A  parallelogram  having  all  its  angles  obliqae,  ana  only  its 
opi»  .1,  is  called  a  rhomboid,  as  Fig.  9. 

^  quadrilateral  or  four-sided  figure  has  none  of  its  sides 
p«falid,  it  IS  called  a  trapezium,  as  Fig.  13  \  conscqututly  every 
quadrangle,  or  quadriJatcrul  which  :s  not  a  paiiiUeWractt,  Is  a  lf&* 
peziam. 
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35.  A  trapezoid  has  only  one  pdr  of  its  sides  parallelf  as  Fig.  14. 

36.  A  diagonal  is  a  n^ht  Bdg  drawn  between  any  two  angles  that 
are  opposite  in  a  polygon,  as  IK,  Fi^.  15,  In  parallelograms  the 
diagonul  U  sometimes  called  tlic  diameteTf  because  it  passes  through 
the  centre  of  the  figure. 

37.  Cumptemtnti  of  a  pRrttllelograiu.  If  any  point,  as  E  fFig, 
15y,  be  taken  in  the  diagonal  of  a  parallelogram,  and  through  that 
point  two  lines  arc  drawn  paraDel  to  the  sides,  as  AB,  CD,  it  wilt 
be  divided  into  four  parallclogrRms,  DD,  L,  F,  GG.  The  two  divi- 
sions^ L,  F,  Ihrongli  which  the  diameter  docs  not  pass,  are  called 
the  coroplemcnts, 

38.  Base  of  a  figure  is  the  side  on  which  it  la  supposed  to  stand 
erect,  as  AB,  and  CD,  Fig,  16. 

39.  Altitude  of  a  figure  is  itd  perpendicular  height  from  the  base 
to  the  highest  part,  as  EF,  Fig,  16. 

40.  Area  of  a  plane  figure,  or  other  surface,  means  the  quantity  of^_ 
space  contained  within  its  boundaries,  expressed  in  square  feet^H 
yards,  or  any  otiier  superficial  meaaurc.  ^^ 

41.  Similar  Jigures  are  such  as  have  the  suine  angles,  find  wbofe 
sides  are  in  the  same  proportion,  as  Fig.  1 7. 

42.  Equal  figures  arc  such  as  have  the  same  area  or  contents. 

43.  A  cirde  is  a  plane  tigure,  bounded  by  a  curve  line  returning ^_ 
into  itself,  called  its  circumferencf,  A  BCD  fFig,  ISJ,  every  wheng^f 
equally  distant  from  a  point  E  within  the  circle,  which  is  called  Iha^B 
centre. 

44.  The  radius  of  a  circle  is  a  straight  line  drawn  from  the  centra 
to  the  circumference,  aa  EF  fFig,  \BJ.  The  radius  is  the  opening ^ 
of  the  compass  when  a  circle  is  described  ^  a  ad  consequently  all  tbo^ 
radii  of  a  circle  most  be  equal  to  each  other. 

45.  A  diameter  of  a  circle  is  a  straight  line  drawn  from  one  sicje^^ 
^of  the  clrcnmfercnce  to  the  other  through  the  centre,  as  CD  (Fig*  l^J^H 
Erery  diameter  divides  the  circle  into  two  equal  parts.  ^^ 

46.  A  segment  of  a  circle  ts  a  part  of  a  circle  cut  off  by  a  straight 
dra^vn  across  it.     This  straight  line  is  called  the  chord.      A  sc- 
lent may   be   either  equal    to,  greater,  or  less  than  a  scmt-circltf 

which  is   a  segment  formed  by  the  diameter  of  the  circle,  as  CEB^ 
and  is  equal  to  half  the  circle. 

47.  A  tangent  is  a  straigfit  line,  drawn  so  as  just  to  touch  a  cirde 
without  cutting  it,  as  GH  {Fig.  18).  The  point  A,  where  it  touches 
the  circle,  is  called  the  point  of  contact.  And  a  tangent  cannot  touch 
a  circle  in  more  points  than  one. 

48.  A  sector  of  a  circle  is  a  space  comprehended  between  two  radii 
and  an  arc,  as  BIK  {Fig,  19). 

49.  The  circumference  of  every  cirde,  whether  great  or  smallf  is 
lupposcd  to  be  divided  into  360  equal  part^,  called  degree* ;  and 
every  degree  into  fS\i  parts,  called  minutes;  and  every  minute  into 
60  seconds,  Ti>  measure  the  inclinritiou  of  lines  to  each  other,  or 
itnglea,  a  circle  is  described  round  the  angular  point,  as  a  centre,  as, 
IK,  Fig.  19  ;  and  according  to  the  number  of  degrees,  minutes, 
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ids,  cut  off  by  the  aides  of  the  angle,  so  many  degre«5,  minutefi, 
ods^  it  is  said  to  contaio.    Degrees  nrc  marked  by  ^,  miDUte^ 
id  second*  by  *  ;  thus  an  angle  of  48  degrees,  15  minutes,  and 
ids,  is  written  in  this  manner,  48'  15'  /''. 

50.  A  solid  is  any  body  that  has  lengthy  breadth,  and  thickness  : 
book,  for  instance,  is  solid^  so  is  a  shett  of  paper  ;  for  thoagh  its 
ickness  is  fery  small,  yet  it  has  some  thickness.    The  boundaries 

a  solid  are  surfaces. 

51.  Simiiar  solids  are  snch  as  are  bounded  by  an  C4)ual  nomber  of 
ibr  pJnues?. 

52.  A  priim  is  a  solid,  of  which  the  sides  are  parallelograms,  ami 
two  ends  or  bases  arc  similar  polygons,  parallel  to  each  other. 

isms  arc  denominated  according  to   the  number  of  angles  in  the 

e>  triavgutar  prisms,  quadrartgutart  heptangular^  and  so  on,  as 

,  20,  21,  2:2,23.     If  the  sides  nre  pcrpcDdicukr  to  the  plane  of 

bftse,  it  is  called  an  upright  prism  i  if  they  are  iodloedj  it  is 

an  ollique  prism. 

.  When  the  base  of  a  prism  is  a  parallelogram,  it  is  called  a 

iralUlopipedon,  as  Fig.  22  and  23.     Hence,  a  parallelopipedon  is  a 

JId,  terminated  by  six  parallelograms. 

54.  When  alt  the  sidea  of  a  paralielopipedon  are  squares,  the  solid 
called  a  cubr^  as  Fig.  23. 

55.  A  rhomloid  is  an  oblique  prism,  whose  bases  are  parallclo- 
ams,  {Fig.  24.) 
5C.  A  pyramid  AB  {Fig.  25  and  26)  is  a  solid,  bounded  by,  or 

»ntainer]  witliin,  a  number  of  planes,  who^ie  base  may  be  any  poly- 
m,  and  whose  faces  are  triangles  terminated  in  one  point,  B,  com* 
only  called  the  summit^  or  vertex  of  the  pyramid. 
57.  When  the  figure  of  the  base  is  a  triangle,  it  is  called  a  trian* 
thit  pyramid ;  when  the  figure  of  the  base  is  a  quidrilateral,  it  is 
died  a  quadriialeral  pyramid^  &c. 

5B.  A  pyramid  is  either  regular  or  irregular,  according  as  the  base 
regolar  or  irre^lar. 

59-  A  pyramid  is  also  right  or  upright,  or   it  is  oUique.     It  is 
Igfat,  when  a  line  drawn  from  the  vertex  to  the  centre  of  the  basct 
perpendicular  to  it^  as  Fig.  25  ;  and  oblique^  when  this  line  inclines, 
I  Ftg,  26. 

(JO.  A  cylinder  is  a  solid  (Ftg,  27  and  28)  generated  or  formed  by 
le  rotation  of  a  rectangle  about  one  of  its  sides,  suppobcd  to  l>c  at 
i\  i  this  quiescent  side  is  called  the  axis  of  the  cylinder.  Or  it  may 
;  conceived  to  be  generated  by  the  motion  of  a  circle,  in  a  direction 
Tpendicnlar  to  its  surface,  and  always  parallel  to  itself. 

61.  A  cylinder  is  either  right  or  oblique,  as  the  aiis  is  pcrpendicti- 
M*  to  the  base  or  inclined. 

62,  Every  section  of  a  right  cylinder  taken  at  right-anglea  to  it» 
is,  is  a  circle  ,*  and  every  section   taken  across  the  q^Under«  bat 

blique  to  the  axis»  is  an  ellipsis. 
^.  A  clrclo  being  a  polygon  of  an  infinite  nnml>er  of  sid«i,  it  fol* 
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}ows^  tbat  tlio  cylinder  may  be  conceived  as  a  prism,  having  s 

polygons  for  bases. 

64*  A  cone  ia  a  solid  {Fig,  29  and  30)  having  a  circle  forita  baae^ 
and  its  sides  a  convex  surface,  terminating  in  a  point  A»  called  the 
vertex  or  apex  of  the  cone.  It  may  be  conceived  to  be  generated  by 
the  revolution  of  a  right-angled  triangle  about  its  perpendicular, 

65.  A  line  druivn  from  the  vertex  to  the  centre  of  the  base  is  the 
axis  of  the  cone. 

66.  When  this  line  is  perpendicular  to  the  base,  the  cone  is  called 
an  upright  or  right  cone ;  but  when  it  is  inclined,  it  is  called  an 
ollioue  cone. 

67.  If  it  be  cut  through  the  asus,  from  the  vertex  to  the  base,  the 
section  will  be  a  triangle, 

68.  If  a  right  cone  be  cut  by  a  plane  at  right-angles  to  the  atin^ 
the  section  will  be  a  circle. 

69.  If  it  be  cut  oblique  to  the  axis,  and  quite  across  from  one  side 
to  the  other,  the  section  will  be  an  cilipsis,  as  Fig.  31.  A  section  of 
a  cvllnder^  made  in  the  same  manner,  is  also  an  ellipsis  ^  and  this  is 
easily  conceived  j  but  it  does  not  appear  so  readily  to  most  people, 
that  llie  oblique  section  of  a  cone  is  an  etlipiis  :  they  frequently  ima- 
gine that  it  will  be  wider  at  one  end  than  tlie  other,  or  what  ii  called 
an  ovaif  which  is  of  the  &hape  of  an  egg.  But  that  tbifl  is  a  mistake, 
any  one  may  convince  himself,  by  making  a  c«nc,  and  cutting  it  across 
obliquely  :  it  will  be  then  seen,  that  the  section,  in  whatever  dirco- 
iion  it  is  taken,  is  a  regular  etlipsis  ;  and  this  is  the  case,  whether 
lite  cone  be  right  or  oblique,  except  only  in  one  case,  in  the  oblique 
cone,  which  is,  when  the  section  is  taken  in  a  particular  direction, 
which  is  called  sul?'Contrary  to  its  base. 

TO*  When  the  section  is  made  parallel  to  one  of  the  sides  of  the 
c<w»e>  as  Ftg.  32,  the  curve  ABC,  which  bounds  the  section,  ia  called 
a  parahofa, 

71.  VVhen  the  section  is  taken  parallelto  the  axis,  as  Fig,  33,  the 
curve  is  called  an /ry/)(^ toil. 

These  carves,  which  are  formed  by  cntting  a  cone  in  diflTerent  direc- 
tions, have  various  properties,  which  are  of  great  Importance  in  as- 
tronomy, gunner)',  perspective,  and  many  other  sciences. 

72.  A  sphere  is  a  solid,  terminated  by  a  convex  surface,  every 
point  of  which  is  at  an  equal  distance  from  a  point  within,  called  the 
centre^  Fig,  3^. 

73.  It  may  be  conceived  to  be  formed  by  making  a  semicircle  re- 
volve round  its  diameter.  This  may  he  illustrated  by  ihe  process  of 
forming  a  ball  of  clay  by  the  potter's  wheel,  a  semicircular  mould 
bcinj?  used  for  the  purpose.  The  diameter  of  the  semicircle,  round 
which  it  revolves,  is  citlled  the  axit  of  the  sphere. 

74.  The  ends  of  the  atis  are  called  poUs, 

75.  Any  line  passing  through  the  centre  of  the  sphere,  and  tenui* 
nuted  by  the  circumference,  is  a  diameter  of  the  sphere. 

76.  Every  section  of  a  sphere  is  a  circle  j  every  section  takgji 
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Ugh  die  oeittre  of  the  sphere,  is  cnlleil  a  great  circlt,  an  AD>  Fig, 


oth 


lesser 


CO, 


circlet 
77.  Any  portion  of  a  sphere  cut  oflf  by  a  plane,  is  called  a  segment ; 
■nil  wbcn  tiie  plane  passes  tliroiii^h  the  centre,  it  dh  ides  t)ic  spberc 
into  two  equal  parts,  each  of  which  is  called  a  kemuphere. 

7S.  A  conoid  is  a  BoJid,  produced  by  \he  circumvolution  of  »  section 
of  the  cone,  about  ita  axis,  and,  cnnge4]»ently,   may  be  tfithcr  nu 
*  tUiptical  conoid^  a  hyperbolical  conoid ^  or  o  paralolical  conoid.  When 
it  i»  elliptical,  it  is  gCDeraliy  called  a  tpheroid*  These  ifolidd  arealsu 
tailed  ellipsoids  kyperboloid,  and  paraloUid, 

79*  A  spheroid  is  a  solid  {Fig.  3r>),  generated  by  the  rotation  of  r 
•cmi-ellip«i3  about  the  transverse  or  conjugate  axis  -,  and  the^  centre 
'  of  the  ellipsis  is  the  centre  of  tht»  Mpikerold. 

80.  The  line  abont  nhich  the  ellipsis  revolves,  is  called  the  aiii. 
If  the  fipheroid  be  generated  about  the  conjugate  axb  of  the  seaii- 
ellipsis,  it  is  called  i\  prolate  spkrtoid. 

81.  If  the  spheroid  be  generated  by  the  semi-ellipsis,  byrevolYiQg 
about  the  transverse  axis,  it  is  calle^J  an  otiUmg  spheruid. 

S2-  Every  section  of  a  spheroid  is  an  eUipnis,  except  when  it  is 
perpendicular  to  that  axis  about  which  it  is  generated  ;  in  v^hich  case. 
It  is  a  circle. 

63.  All  sections  of  a  spheroid  parallel  to  each  other,  are  similar 
H^res. 

A  frustum  of  a  solid,  means  a  piece  cut  off  from  the  solid,  by  a 
plane  passed  through  it>  usually  parallel  to  the  base  of  the  solid,  aa 
the  frustum  of  a  cone,  a  pyramid,  &c. 

There  is  a  tower  and  an  vpper  frustum^  according  as  the  piece 
spoken  of  does  or  does  not  contain  the  base  of  the  solid. 

84,  A  regular  L»ody  i«  a  8oUd»  contained  under  a  certain  number  of 
equal  and  regular  plane  figure^)  of  the  same  sort. 

85.  The /new  of  the  solid  are  the  plane  figures  under  which  it  is 
contained  ^  and  the  linear  sides,  or  edges  of  Ike  solids  are  the  side:s  of 
the  plane  faces. 

^^^86.  The  arc  only  five  regular  bodies  : — ri«.  1st.  the   tetraedon, 
^^■fcich  is   a  regular  pyramid,  having  four  triangular  faces  ;  2d«  the 
mmraedron,  or  cube,  which  has  six  equal  square  faces  ;  3d.  the  octae- 
dron,  which  has  eight  triangular  faces  ;   41  h.  the  dodecacdron,  which 
hns  tfvelve  ]>entagonal  faces  i  5th.  the  icoiaedron,  which  lias  twenty 
triBngolar  faces. 

Note.— If  the  figures  marked  A,  B,  C,  D,  E,  be  exactly  drawn  on 
pasteboard,  and  the  lines  cut  half  through,  so  tliat  the  parts  Ue  fumed 
up,  and  glued  together,  they  w\\\  represent  the  five  regular  bodies, 
VIZ.— Fig.  A»  tlie  tetraedozj  ;  B,  tlie  hexacdron  j  C,  the  octaedron  j 
D,  the  dodecaedron  ;  nnd  E,  the  icosacdron, 

87.  Ratio  is  the  pntfM»rlion  which  one  magnitude  bears  to  another 
of  the  Bujne  kind,  with  respect  to  nua^itity,  and  Is  uaually  makcd 
lh»i|,  A  :  D. 

Of  these,  the  first  is  colled  the  antecedtfil,  and  the  cecood  the  con^ 
itquent 
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89.  The  measurt  or  quantity  of  a  ratio»  is  conceived  by  consideriB^ 
what  part  of  the  consequent  ii  the  oDteccdent ;  conseqaeotly,  it  ii 
jUbtaiQed  by  dividiug  the  conseqaeDt  by  the  aotecedeut. 

89.  Three  magnitudes  or  quantities,  A,  B,  C,  are  said  to  be  pro^ 
niionat,  when  the  ratio  of  the  6rst  to  the  second  is  the  same  U 

of  the  second  to  the  third.     Tims,  2,  4,  8^  are  proportional^  be-, 
caose  4  is  contained  in  8  at  many  times  as  2  is  in  4. 

90.  Four  quantities.  A,  B,  C*  D^  are  said  to  be  proportional,  when^ 
the  ratio  of  the  first,  A,  to  the  second^  B^  is  the  same  as  the  ratio  of] 
the  third,  C,  to  the  fourth,  D.     It  is  usually  writteUj  A  :  B  ::  C  i  Dj 

lor,  if  expressed  in  numbers,  2  :  4  ::  8  :  16. 

9 1 .  Of  three  proportional  quantities,  the  middle  one  is  said  to  be  a 
mean  proportional  between  the  other  two  ;  and  the  last  a  tkird  pro*] 
portional  to  the  first  and  second. 

92.  Of  four  proportional  quantities,  the  last  is  said  to  be  aybiirii 
proportional  to  the  other  three,  taken  in  order. 

93.  Ratio  qf  equality  is  that  which  equal  numbers  bear  to 
other. 

94.  Inveru  ratio  is  when  the  antecedent  is  made  the  consequentj 
[jwd  the  consequent  the  antecedent.     Tbus^  if  I  :  2  ::  3  :  6  j  theOfl 

inversely, 2:  1  ::  6  :  3. 

95.  Alternate  proportion  is  when  the  antecedent  is  compared  with! 
antecedent,  and  consequent  with  consequent.  Thus^  if  2  ;  1  :;  6  :  3|('| 
then,  by  altemalion,  2  :  6  ::  1  :  3. 

96.  Proportion  by  composition  is  when  the  antecedent  and  coose- 
quent,   taken  as  one  quantity,  are  compared  either  with  tlie  conse-} 
quent   or  ivith   the  antecedent.     Thus^   if  2  :  1  ::  6  ;  3  j  then,  by^ 
composition,  2+1:1::  0+3:3,  and  2+ I  :2  ::  6  +  3  :  C. 

97.  Divided  proportion  is  when  the  diflerence  of  the  antecedent  and 
consequent  is  compared  cither  with  the  consequent  or  with  the  ante- 

txedenl.     Thus, if  3  :  I  ::  12  :  4  ;  then,  by  division,  3— 1  ;  I  ::  12— 
4:  4»and3— I  :3::  12—4:  12. 

98.  Continued  proportion  is  when  the  first  is  to  the  second  as  tbe 
.Mcond  to  the  third  ^  as  the  third  to  tlie  fourth  j  as  the  fourth  to  tb^H 

llfth  ;  and  no  on.  ^| 

99.  Compound  ratio  is  formed  by  the  multiplication  of  several  an- 
tecedents and  the  several  consequents  of  ratios  together,  in  the  fol- 
lowing manner : 

If  A  be  to  B  as  3  to  5^  B  to  C  as  5  to  B«  and  C  to  D  as  8  to  6| 


then  A  will  be  D,  as 


3x5xH_120_t 


I  » 


that  is,  A:  D::  l  :  2, 


5x8x6     240 

100.  Bisect,  means  to  divide  ati^  thing  into  two  equal  parts 

101.  TriMect,  is  to  divide  any  thing  Into  three  equal  parts. 

102.  Inscribe^  to  draw  one  figure  within  another,  so  that  all  the 
angles  of  the  inner  figure  touch  eitlier  the  angles,  sidcs^  or  planes  of 
the  external  figure. 

103.  Circumscribe^  to  draw  a  figure  round  another,  so  that  cither 
the  angles,  sides^  or  planes  of  the  circamscribed  figure^  touch  all 
angles  of  the  figure  within  it. 
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^itmgU  Wkder  any  two  lines ^  means  a  rfctangle  tvliicb  tins 
Us  Sides  equal  to  Otie  of  the  lities,  and  two  of  them  equal  to  the 
Also,  the  rocinnglo  ondcr  AB,  CD,  means  AB  x  CD. 
IU5.  Scalet  of  eqyal  parts.  A  scale  of  equal  parts  is  only  a  straight 
et  divided  into  any  namber  of  equal  parts,  at  plensurc*     Each  part 
reT»re«ent  any  measure  yon  please,  as  an  Inch,  a  foot,   a  yard. 
One  of  these  is  generally  subdivided  into  parts  of  the  next  deno- 
nation,  or  into  tenths  or  hundredths.  Scales  may  foe  constructed  in 
variety  of  ways.     The  most  usnal  manner  is,  to  make  an  inch^  or 
e  :tii({00t  part  of  an  inchj  to  represent  a  foot ;  and  then  they  are 
•i  scales,  three-quarter  inch  scales,  half-inch  scales,  quartcr- 
oi,  fitc.    They  are  usually  drairn  open  hory  or  box*wood. 
10(>.  An  axiom  is  a  manifest  truth,  not  requiring  any  demonstration. 
107.  Postulates  are  things  required  to  be  granted  true,  before  we 
^occed  to  demonstrate  a  proposition. 
108»  A  proposition  is  when  something  is  either  proposed  to  be  dotie^ 
to  be  demonstrated,  and  is  either  a  problem  or  a  theorem. 

109.  A  proHcm  is^wheu  something  is  proposed  to  be  done,  as  somo 
fare  to  be  drawn. 

1 10.  A  theorem  is  ivbeQ  somethiDg  is  proposed  to  be  demonstated 
proved. 

111.  A  lemma  \s  when  a  premise  is  demonstrated,  is  order  to  ren- 
r  the  thing  in  hand  the  more  easy. 

112.  A  coroUary  is  an  inference  drawn  from  the  demonstration  of 
ymo  proposition. 

1 13.  A  scholium  is  when  some  remark  or  obiervation  is  made  upoa 
something  mentioned  before* 

114.  The  sign  =  denotes  that  the  quantities  betwixt  which  it 
tands,  are  oquaL 

U5.  The  sign  H*  denotes  that  the  quantity  after  it,  is  to  be  added 
» that  immediately  before  it. 

1 J  6.  The  sign  ~~  denotes,  that  the  quantity  af^er  it  is  to  b«  taken 
pray  or  subtracted  from  the  quantity  preceding  it. 

Geometrical  Prod  Urns, 

Ptoh*  1.  To  divide  a  given  line  AE  into  two  equal  parts. 

From  the  points  A  and  B>  as  centres,  and  with  any  opening  of  the 
kmpasses  greater  than  half  AB,  describe  arches,  cutting  each  other 

e  aod  d.  Draw  the  line  c  d  ;  and  the  point  E,  where  it  cuts  A  B» 
ilj  be  the  middle  required. 

Prob.  2.  To  raise  a  perpendicular  to  a  given  line  A  B,  from  a 

iDt  given  at  C, 

Case  1.  When  toe  given  point  is  near  the  middle  of  the  line,  on 
ich  side  of  the  point  C.    Take  any  two  equal  distances,  C  d  and 

e  I  from  d  and  Cj  with  any  radius  or    opening  of  the  compasses 

eater  than  C  d  or  C  e,  describe  two  arcs  cutting  each  other  in  f. 

LStly,  through  the  points  i,  C»  draw  the  liao  t  C,  and  it  will  ba 

e  perpeadiciilar  required.- 
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Casf  2.  When  tbe  point  is  atj  or  near  the  end  of  the  Hoe.     Take 
any  point  d,  above  the  line,  aod  with  Uie  radius  or  distance  d  C,  dc 
iicribethe  arc  e  C  f,  cattiug  AB  in  e  and  C.  Through  the  centre  dt 
the  point  e,  draw  the  line  e  d  f ,  cottiog  the  arc  e  C  f  in  f,  Through  til 
points  f  Cr  dmw  the  Hue  fCi  and  it  will  be  the  perpendieolar  reqiiin 

Proh,  3.  Prom  a  given  potut  i,  to  let  foU  a  perpendicular  upon 
givcQ  line  AB. 

From  the  point  f,  uitb  any  radius,  describe  the  arc  d  e,  cutting  A] 
.  in  e  and  d.    From  the  points  e  d,  with  the  same  or  any  other  radit 
describe  tiro  arcs,  cutting  each   other   in  g.     Through  the  point! 
and  g,  draw  the  line  f  g,  and  f  C  will  be  the  pcrpcndicnlar  required^! 

Prob,  4.  To  make  an  angle  equal  to  another  angle  which  is 
as  a  B  b. 

From  the  point  B,  with  any  radius,  describe  the  arc  a  b,  cattii 
the  legs  B  a,  B  b,  in  the  points  a  and  b.     Draw  the  line  D  e, 
from  the  point  D,  with  the  same  radius  as  before,  describe  the  arc  c 
cutting  D  e  in  e.     Take  the  distance  B  a,  and  apply  it  to  tbe  arc  e 
from  e  to  f,     I^astly,  throngh  the  points  D,  f,  draw  the  line  D  f, 
the  angle  e  D  f  will  be  equal  to  the  angle  b  B  a,  as  wag  required. 

PtoI.  5.  To  divide  a  given  angle,  ABC,  into  two  equal  angles. 

From  the  poial  B,  witii  any  radius,  describe  the  arc  AC.     From 
and  C,  with  tbe  same,  or  aay  other  radius,  describe  arcs  cutting  ea< 
in  d.    Draw  the  line  B  d,  and  it  will  bisect  the  angle  ABC^  as  wi 
required, 

Prob.  6,  To  lay  down  aa  angle  of  any  number  of  degrees. 

There  are  various  methods  of  doing  this.  One  is  by  the  use  of 
instrument  called  a  protractor,  with  a  seraicircie  of  brass,  having  its  drJI 
cumference  divided  into  degrees.  Let  AB  be  a  given  line,  and  let  it 
be  required  to  draw  from  the  angular  \mQi  A,  a  line  making,  with 
AB,  any  number  of  degrees,  suppose  20.  Lay  the  straight  side  of 
the  protractor  along  the  line  AB,  and  count  2*0^  from  the  end  Bof 
the  semicircle  >  at  C,  which  is  20°  from  B,  mark  ;  then,  removing 
the  prnfractor,  draw  tbe  line  AC,  which  makes,  with  AB,  the 
angle  rctiiilrcd.  Or,  it  may  be  done  by  a  divided  line,  nsnalJy  drawn 
Upon  scales,  called  a  Une  of  chords.  Take  G0°  from  the  line  of 
chords,  in  the  compasses,  and  setting  one  at  the  angular  point  6, 
I*rof},  4t  with  that  opcniag  as  a  radius,  describe  an  arch,  as  a  b  :  thci^^— 
take  the  number  of  degrees  of  which  you  intend  the  angle  to  \ye,  andH 
SL't  it  from  b  to  a,  then  is  a  B  b  the  angle  required.  ^H 

Prob.  7,  Through  a  given  point  C\  to  draw  a  line  parallel  to  a 
gtven  line  AB. 

Case  I.  Take  any  point  d,  in  AB  j  upon  d  and  C,  with  the  distsnce 
Cd,  describe  two  arcs,  eC,  and  d  f^  rutting  the  line  AB  iue  and  d. 
Make  d  f  eiqual  to  eC  j  through  C  and  f  draw  Cf,  and  it  will  bc 
the  line  required. 

Case  2.  When  the  parallel  is  to  lie  at  a  given  distance  from  AB. 
From  any  two  points,  c  and  d,  in  the  line  AB,  with  a  radius  equal  to 
tie  giveo  distance^  describe  the  arcs  e  and  f :  draw  the  lino  CB  to 
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ill  tkoio  arcs  witboat  enttlng  them,  aod  it  will  bo  parallel  to  AB^ 
wns  required. 

PfvK  8*  To  divide  a  given  line  AB,  ioto  oay  proposed  number  of 
equal  parts. 

From  A*  one  end  of  the  line,  draw  A  c,  making  any  angle  with 

AB  j  and  from  D,  the  oilier  end,  draw  Bd,  making  the  wigle  A  Bd 

equal  to  B  A  c.     In  each  of  these  lines,  Ac,   B  d,  hei^inoing  at  A  and 

"      B.  act  off  aa  many  equal  parts,  of  any  length,  as  AB  is  to  be  divided 

into.     Join  the  points  C  5a  46,  57,  tad  AB  will  be  divided  a$  re- 

'     qalred. 

k  Prob.  9.  To  find  the  sentre  of  a  given  circle,  or  of  any  one  already 
H  described.  Draw  any  chord  AB,  and  bisect  it  with  the  perpendicu- 
i     l«r  CD.     Bisect  CD  with  the  diameter  £F^  and  the  intersection  O 

will  be  the  centre  required* 
k      Prob,  ]0,  To  draw  a  tangent  to  a  given  circle  that  shall  pass 
B  through  a  given  point,  A. 
"       Prom  the  centre  O,  draw  the  radios  OA.    Through  the  point  A» 

I'       draw  DE  perpendicular  to  OA,  and  it  will  be  the  tangent  required. 
Pro/'.  1 1,  To  draw  a  tangent  to  a  circle,  or  any  segment  of  a  circle 
ABC,  through  a  giveo  point  B,  witboat  making  use  of  the  centre  of 
the  circle. 
Take  any  two  equal  divisions  opon  the  circle,  from  the  given  point 
B,  towards  d  and  c,  and  draw  the  chord  c  B.     Upon  B,  aa  a  centre, 
with  the  distance  B  d,  describe  the  arc  f  d  g,  cotting  the  chord  c  B 
in  f.     Make  d  g  equal  to  d  f ;  through  g  draw  g  B,  and  it  will  be  the 
tengentreqnir^. 
ProL  12.  Given  tlirec  pointfl.  A,  B,  C,  not  in  a  straight  line,  to 
describe  a  circle  that  shall  pass  through  them. 
Bisect  the  lines  AB,  BC,  by  the  perpendiculars  ab,  bd,  meeting 
i(t  d*     Upon  d,  with  the  distance  d  A,  d  B,  or  d  C,  describe  ABC« 
ftad  it  will  be  the  required  circle. 

Prob.  13.  To  describe  the  segment  of  a  circle  to  any  length  AB, 
and  height  CD. 

Bisect  AB  by  the  perpendicular  D  g,  cutting  AB  in  c.  From  c 
make  cD,  on  the  perpendicular,  eqnal  to  CD.  Draw  AD,  and  bisect 
it  by  a  perpendicular  e  f,  cutting  D  g  in  g.  Upon  g  the  centre,  de- 
scribe ADB,  and  it  will  be  the  required  sclent. 

Prob.  14.  To  deficribe  the  s^ment  of  a  circle  by  means  of  two 
roles,  to  any  length  AB,  and  perpendicular  height  CD  ia  the  middle 
of  AB,  without  making  use  of  the  centre. 

Place  the  rales  to  the  height  at  C  j  bring  the  edges  close  to  A  and 
B  ;  fix  thera  together  at  C,  and  put  another  piece  across  them  to 
keep  them  fast.  Put  in  pins  at  A  and  H,  then  move  the  rulers  round 
tbe^e  pins,  holding  a  pencil  at  the  angular  point  C,  which  wUl  de- 
terilye  the  segment. 

Probs  15,  In  any  given  triangle  to  inscribe  a  circle. 
Bisect  any  two  angles  A  and  C,  with  the  lines  AD  and  DB.  From 
D,  the  point  of  intersection,  let  fall  the  pcr^^endicular  DE;  it  will  be 
tlie  radius  of  the  ciidc  required. 
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Prob,  15.  In  a  giren  square,  to  describe  a  regular  octagon. 

Draw  the  diagonals  AC  and  BD,   intersecting  at  c.     Upon 
points  A,  B,  C,  D,  as  centres,  with   a  radius  e  C,  describe  the  arcs 
h  e  1^  ken,  meg,  f  e  i.     JoId  f  b,  m  b^  k  i,  1  g,  and  it  will  be  tha 
required  octagon, 

Frob.  \7.  In  a  given  circle,  to  describe  any  regular  polygon. 

Divide  the  circumference  into  as  many  parts  as  there  are  sides  iQl 
the  polygon  to  be  drawn,  and  join  the  points  of  division, 

Prob.  18.  Upon  a  given  line  AB,  to  construct  an  equilateral  tri- 
angle. 

Upon  the  points  A  and  B,  with  a  radius  equal  to  AB,  describe 
arches  cutting  each  other  at  C.  Draw  AC  and  BCj  and  ABC  willj 
be  the  triangle  required. 

Prob,  19.  To  make  a  triangle,  whose  sides  shall  be  equal  to  threei 
^ven  lines  D,  E,  F,  any  two  of  them  being  greater  than  the  third. 

Draw  AB  equal  to  the  line  D.  Upon  A,  with  the  radius  F,  de- 
scribe an  arc  CD,  Upon  B,  with  the  radius  E,  describe  another  arc 
intCTsectiog  the  former  at  C.  Draw  AC  and  CB,  and  ABC  will  be 
the  triangle  required. 

Prob,  20.  To  make  a  trapezium  equal  and  similar  to  a  giren  tra* 
peziura  ABCD, 

Divide  the  given  trapcziMm  ABCD  into  two  Irianglea,  by  the  dia- 
gonal DB,     Make  EF  equal  to  AB  ;  upon  EF  construct  the  triangle 
EFlf,  whose  sides  shall  be  respectively  equal  to  those  of  the  triangle  h 
ABD,  by  the  last  problem.     Upon  HF,  which  is  e(|ual  to  DB,  con-fl 
struct  the  triangle  HFG,  whose  sides  are  respectively  equal  to  DBC  ; 
f  ben  EFGH  will  be  the  trapezium  required. 

By  the  help  of  this  problem,  any  plan  may  be  copied  ;  as  every 
figure,  however  irregular,  may  be  di\ided  into  triangles.  Upon  this 
the  practice  of  land-surveying  and  making  plans  of  estates  is  founded. 

Prob.  21*  To  make  a  square  equal  to  two  given  squares.  Make 
the  sides  DE  and  DF  of  the  two  given  squares  A  and  B,  form  the 
aides  of  a  right-angled  triangle  FDE  ;  draw  the  hypotliennse  FE ; 
on  it  describe  the  square  EFGH  j  and  it  will  be  the  square  required. 

Prob,  22.  Two  right  lines  AB,  CD,  being  given,  to  find  a  third 
proportional.  Make  an  angle  MEI  at  pleasure  ;  from  E  make  EF 
eooal  to  AB,  and  EG  equsd  to  CD  :  join  FG.  Make  EI  equal  lo 
EF,  and  draw  HI  parallel  loFG  ;  then  EH  will  be  the  third  pro- 
portional required ;  that  is,  EF  :  EG  :  :  EH  :  EI,  or  AB  :  CD  :  : 
CD:  EL. 

Prob.  23.  Three  lines  being  given,  to  find  a  fourth  proportional 
Make  the  angle  HGl  at  pleasure  j  from  G  make  GH  equal  lo  AB, 
Gl  equal  to  CD,  and  join  HI.  Make  GK  equal  to  EF5  draw  KL 
through  K,  parallel  to  HI ;  then  GL  will  be  the  fourth  proportional 
required,  that  is,  GH  :  GI  :  :  GK  :  GL.  or  AB  :  CD  :  :  EF  :  GL. 

Prob.  24*  To  divide  a  given  line  AB  in  the  same  proportion  as 
another  CD  is  divided. 

Make  any  angle  KHlj  and  make  HI  equal  to  AB ;  then  apply  the 
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dinsiofifl  of  CD^  itota  H  to  Kj  and  join  KL  Draw  the  lines 
!,  i  f,  k  g*  paraUel  to  IK  -,  and  thG  Doe  HI  will  be  divided  in  e,  f» 
OS  »Titt  reriuired. 

Prolr.  25.  DettrceQ    two  givea  line*   AB   and  CD  to  find  a  mean 
report  lonal. 

Draw  the  right  line  EG*  in  which  make  EF  equal  to  A3,  and  FG 
loml  to  CD.     Ulsfct  EG  in  H«  and  with  HE  or  HG,  as  riidiusj  de- 
thc  semicircle  EIG,     From  F  draw  FI  perpendicular  tp  EG^ 
ttte  circle  in  I  j  and  IF  will  be  the  mean  proportiooal   re- 

ProB.  26,  To  describe  an  ellipsis. 

If  two  pins  are  fixed  at  the  points  E  and  F,  a  string  beici^  put 
t  them,  and  the  eads  lied  to;^cther  at  C  ;  the  point  C  being 
ved  fonndp  keeping  the  string  stretched  will  describe  an  ellipsis* 
The  points  E  and  F,  where  the  pins  werciixeJ,  are  called  ihc/ori. 
The  line  AB  passing  through  the  foci,  is  called  the  transversa  arts, 
Tlie  point  G  bisecting  the  transverse  axis,  is  the  centre  of  the 
.ipiis. 

The  line  CD  crosairg  this  centre  at  right-angles  to  the  transferee 
19,  is  the  conjugate  axis. 

l*he  htut  rectum  is  a  right  line  pas^inir  throngh  the  foeoa  at  F^  tt 
!is  to  the  transverse  axis  terminated  by  the  curve:  this  ia 
1  the  parameter. 
A  didvtcter  is  any  line  passing  through  the  centre,  and  terminated 
[T  the  curve. 
A  coryugate  diameter  to  another  diameter,  is  a  line  drawn  throngh 
iC  centre,  parallel  to  a  tangent  at  the  esctreme  of  the  other  diume* 
ir,  and  terminated  by  the  curve. 

A  double  ordinate  is  a  line  drawn  through  any  diameter  parallel  to 
tangeut,  at  the  extreme  of  that  diameter  terminated  by  the  curve. 
Prf>l\  26,  The  transverse  axis  AB,  and  conjugate  axis  CD,  of  any 
*    ing  given»  to  hnd  the  two  foci,  and  from  thence  to  describe 


6  the  semi-transverse  AE,  or  EB,  and  from  C  as  a  centre,  de- 
an arc,  cutting  AB  at  F  and  G,  which  are  the  foci.     Fix  pins 
these  puints  ;  a  string  being  stretched  at>out  the  joints  FCG»  the 
lipxis  is  described  as  above. 

Prulf.  27-  The  same  lieing  given,  to  describe  an  ellipsis  by  a  trammel. 
The  tr.immel  is    an    instrument  consisting  of  two   rulers  hxed  at 
loj  to  each  other,  with  a  groove  in  each.     A  rod  with  two 
nuts  works  in  this  groove,  and,  by  means  of  a  pencil  fixed 
the  end  of  the  rod,  describes  the  curve.  The  operation  is  as  follows: 
Let  the  distance  of  the   first  pin  at  B,  from  the  pencil  at  A,  be 
qnal  to  half  the  shortest  axis,  and  the  distance  of  the  second  pin  at 
?,  from  Af  to    half  the  longest  axis ;  the  pins  being   put   iu  the 
50TC*,  move  the  pencil  at  A.  which  will  describe  the  ellipsis. 
ProtK  28,  To  draw  the  representation  of  an  ellipsis  with  a  compass 
any  Icnj^h  AB,  and  width  CD. 
Draw  BI*  parallel  and  equal  to  EC,  and  bisect  it  at  I  ;  then  draw 
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1  C  and  PD,  cutting  Ctich  other  at  K  ;  bisect  KC  by^i  pcrpendii 
meeting  CD   in   O  j  and   on  O,  with   the  raditis  OC,  describe  tlie 
ijtiadrant  CGQ. 

Through   Q  and  A^  draw  QG,  cuttbg  the  quadrant   at  G  ;  Ihi 
draw  GO,  cutting  AB  at  M  ;  make  EL  equal  to  EM,  also  EN  eqi 
;to  EG.     From  N,  through  M  and  L  draw  NH  and  NI  j   then  M. 
N,  O,  are  the  four  centres  by  which  the  four  quarters  of  the  dJq 
are  dnivvn. 

It  0iu<it  be  observed,  that  this  is  not  a  trae  ellipsis,  bttt  only  tit' 
approximation  to  it  j  for  it  is  impossible   to  draw  a  perfect   ellipsis 
by  means  of  compasses^  which   can  only  describe  parts   of  dr< 
But  the  curve  of  an  ellipsis  differs  essentially  from  that  of  a  circle 
every  part ;  and  no  portioua  of  circles  put  together,  can  ever  form 
ellipsis.     Bnt  by  this  mcans^  a  figure  may  be  drawn j  which  ai 
proaches   nearly  to  an  ellipaist  and  therefore  may   be  often 
tuted  for   it  when  a  trammel  cannot  be  had,  or  when  the  ell 
too  small  to  be  drawu  by  it.     At  the  joining  of  the  portions  of^ 
in  this  operation,  the  defect  is  not  perceivable  -,  and  tlie  best 
not  to  join  them  quite,  and  to  help  the  curve  by  hand. 

Prob.  29.  An  ellipsis,  ACDBj  being  given,  to  find  the  tranavi 
and  conjugate  axis. 

Draw  any  two  parallel  Hnea,  AB  and  CD,  cutting  the  ellipsia 
the  points  A,  B,  C,  D  ;  bisect  them  in  e  and  f.  Through  e  and 
draw  GH,  cutting  the  ellipsis  at  G  and  H ;  bisect  GH  at  I ;  and 
will  give  the  centre. 

Upon  I,  with  any  radiaa,  describe  a  circle,  cutting  the  eltipfiis 
the  four  points  k^  1,  m,  n  ^  join  k^  1,  and  m,  n;  bisect  k  1^  or  ui  n, 

0  or  p.     Through    the    points  o,  I,  or  Ij  p,  draw   QR,  cutting   the 
ellipsia  at  Q  and  li  ;  then  QR  will  be  the  transverse  axis.      Through 

1  draw  TS,  parallel  to  k  1,  cutting  the  ellipsis  at  T  and  S  ;  and  TS 
will  he  the  con)Ugate  axis. 

Prat'.  30.  To  describe  an  ellipsis  Riinilar  to  a  given  one  ADBC, 
to  any  given  length  IK,  or  to  a  given  width  ML. 

Let  AB  and  CD  t»e  the  two  axes  of  the  given  ellipsis.  Through 
the  points  of  contact  A,D,B^C,  complete  the  rectangle  GEHF  ;  draw 
the  dingoinals  EF  and  GH  :  they  will  pass  through  the  centre  at  R, 
Through  I  and  K  draw  PN  and  (>Q  parallel  to  CD,  cutting  the  diago- 
nals EF  and  GH,  at  P,N,Q,0.  Join  FO  and  NQ,  cutting  CD  at  L 
and  M  ;  then  JK  is  ihc  transverse,  and  ML  ihe conjugate  axis  of  an 
ellipsis,  that  will  be  similar  to  the  given  ellipsis  ADBC,  which  may 
be  described  by  some  of  the  foregoing  methods. 

Prab.  31.  To  describe  a  parabola.  If  a  thread  equal  in  length 
BC,  be  ftxt  at  C,  the  end  of  a  square  ABC,  and  the  other  end  be' 
fixt  at  F  i  and  if  the  side  AB  of  the  square  be  moved  along  the  Unc 
AD,  and  if  the  point  E  be  always  kept  close  to  the  edge  BC  of  the 
square,  keeping  lie  string  tight,  the  point  or  pin  E  will  describe  a 
curve  EG IH,  called  a  pam^o/a. 

The/o£U5  of  the  parabola  h  the  fixed  polat  F,  aboat  which  the 
Btring  revolves* 


rtctrix !» the  line  AD,  ivhicU  tho  side  of  the  square  moves 

Cc  ori*  18  the  lioe  LK,  drawo  through  the  focaa  F,  perpeodiculor 
to  the  (i'trectriic, 

Ths  vcrui  h  the  poiot  I»  where  the  line  LK  cots  the  cmrve. 

The  latus  rectum ,  or  parameleTf  \b  ihc  line  GH  passing  through 
liie  foctui  P,  at  nght-auglt^a  to  the  axis  IK^  aud  termlDatcd  by  the 
curve. 

The  diameter  is  any  line  MN,  drawn  parallel  to  the  axis  IK. 

A  doutU  ordinate  is  a  right  line  RS,  drawn  parallel  to  a  tangent  at 
M,  the  extreme  of  the  diameter  MN,  terminated  by  the  cune. 

The  abscissa  is  that  part  of  a  diameter  contained  between  the 
eurre  and  h&  ordinate,  as  MN. 

Proh.  32.  To  describe  a  paraboUit  by  finding  points  in  the  cnrve  *, 
llic  Ji\h  AB»  or  uny  diameter  being  given,  and  a  double  ordinate  CT>, 

ThrtMigh  A  draw  EF  parallel  to  CD  j  through  C  and  D  draw  PF 
and  CE  parftllel  to  AB,  cutting  EF  at  E  and  F.  Divide  BC  and  BD* 
each  into  any  number  of  equal  parts,  as  four ;  likewise  divide  CE 
•nd  DF  into  trie  same  number  of  equal  parts.  Through  the  points  I, 
2,  3»  &C.  in  CD,  draw  the  lines  la,  2  b,  3  c,  &c.  parallel  to  CD ; 
also  through  the  points  1,  2,  3,  in  CE  and  DF,  draw  the  lines  I  A, 
2  A,  3  A,  cutting  the  parallel  lines  at  the  points  a,  b,C'  then  the 
points  n,  b,  c.  are  in  the  curve  of  the  parabola* 

Prob.  33.  To  describe  an  hyperbola. 

If  B  and  C  are  two  fixed  points,  and  a  rule  AB  be  made  moveable 
about  the  point  B,  a  string  ADC  being  tied  to  the  other  end  of  the 
rule,  and  to  the  point  C  ;  and  if  the  point  A  be  moved  ronnd  the 
centre  B,  towards  G,  the  angle  D  of  the  string  ADC,  by  keeping 
it  alwavii  tight  and  close  to  the  edge  of  the  rule  AB,  will  describe  a 
curve  DUG,  called  an  hyperbola. 

Jf  the  end  of  tlie  rule  at  B  were  made  moveable  about  the  point 
C,  the  string  being  tied  from  the  end  of  the  rule  A  to  B,  and  a 
curve  being  described  after  the  same  manner,  is  called  an  oppotite 
hffpcrtvla. 

The /oci  are  the  two  points  Band  C,  about  which  the  rule  and 
string  revolves. 

The  transverse  axis  is  the  line  \l\  terminated  by  the  two  curves 
passing  through  (he  foci,  if  continned. 

The  centre  is  the  point  M,  in  the  middle  of  the  transverse  axis  IH» 

The  cmjugate  axis  is  t!ie  line  NO,  passing  through  the  centre  M, 
fto4  ttTintnatcd  by  a  circle  from  H,  whose  radios  is  MC,  at  N  and  O, 

A  diameter  is  any  line  VW,  drawn  through  the  centre  M,  and  ter- 
mted  by  the  oppofcitc  curves. 

\Cn»jugate  diameter  to  another^  is  a  line  drawn  through  the  centre, 

trallcl  to  a  tangent  with  either  of  the  curves,  at  the  extreme  of  the 
other  diameter  terminated  by  the  curves, 

Absciaa  tti  when  any  diameter  is  continued  within  the  CQrve,  ter- 
minated by  a  dooble  ordinate  and  the  carve  \  then  the  part  within  la 
culled  the  abscissa. 
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Douhfe  ordinate  is  a  line  driiwti  through  any  diameter  parallel  to  its 
conjugate,  and  terjiiinatcd  by  the  curve. 

Parameter  or  latua  rectum,  is  a  line  drawn  through  the  focus^  per- 
pendicular to  the  transverse  axis,  and  termiooted  by  the  curve. 

Prob,  34.  To  describe  an  hyperbola  by  finding  points  in  the  cnn'e, 
laving  the  diameter  or  axis  AB,  its  abscissa  BG,  and  double  ordi- 
nate DC. 

Through  G  draw  EF,  parallel  to  CD  ;  from  C  and  D  draw  CE  and 
DF,  parallel  to  BG.  catling  EF  in  E  and  F.  Divide  CD  and  BD» 
each  into  any  number  of  eciual  parts,  as  four  j  through  the  points  of 
division,  I,  2,  3,  draw  lines  to  A.  Likewise  divide  EC  and  DP  into^ 
tbeiiame  number  of  equal  parts,  viz,  four  j  from  the  divisions  on  CB^f 
and  DP,  draw  ItDes  to  G  ;  a  curve  being  drawn  through  the  interaec- 
tioDS  at  G,  a,  b,  &c.  will  be  the  hyperbola  required. 

Remarks. — In  a  circle,  the  half  chord  DC,  is  a  mean  proporlioni 
between  the  segments  AD,  DB  of  the  diameter  AB  perpendicular  t( 
it.     That  is  AD  :  DC  :  :  DC  :  DB. 

2*  The  chord  AC  la  a  mean  proportional  between  AD  and  the  di^ 
ametcr  AB,  And  the  chord  BC  a  mean  proportional  between  DF 
and  AB« 

That  is,  AD:  AC::  AC:  A  B, 
and  BD  :  BC  : :  BC  :  AB. 

3«  The  angle  ACB,  in  a  semicirclet  is  always  a  right. 

4.  The  square  of  the  hypotenuse  of  a  right-angled  triangle,  is  equal 
to  the  squares  of  both  the  sides. 

That  is,  AC*  =  AD'  +  DC*. 
and  BC«  ^  BD--i-  DC*, 


and  AB«=  AC^  +  BO 


4 


5,  Triangles  that  have  all  the  tbree  angles  of  the  one  respect 
equal  to  all  the  three  of   the  other,  are  called  equiangular  triangles, 
or  similar  triangles. 

6i  In  similar  triangles,  the  like  sidcSj  or  sides  opposite  the  equal 
angles,  are  proportional 

7.  The  areas,  or  spaces»  of  similar  triangles,  are  to  each  other, 
as  the  squares  of  their  like  Kides. 


MENSURATION  OF  SUPERFICIES. 

Proh.  1.  To    find  the  area  of  a  paralleJograni :  whether   it  be 
.Kjuare,  a  rectangle,  a  rhombus,  or  a  rhomboid. 

Multiply  the  length  by  the  breadth,  or  perpendicular  height,  oud 
the  product  will  be  the  area. 

£t,  1«  To  find  the  area  of  a  square,  whose  side  is  6  inches,  or  6 
feetj  &c. 

6 
6 
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2.  To  find  the  area  of  a  rectangle,  whose  length  is  9,  and  breadth 
4  inches^  or  feet,  &c. 
9 
4 

Ansr.  36 


3.  To  find  the  area  of  a  rhombus,  whose  length  is  6  chains,   and 
perpendicnlar  height  5. 
6 
5 

Ansr.  30 


Proh.  2.  To  find  the  Area  of  a  Triangle. 

Rule  1 .  Multiply  the  base  by  the  perpendicnlar  height,  and  half 
the  product  will  be  the  area. 

Ruie  2.  When  the  three  sides  only  are  civen  :  Add  the  three  sides 
together,  and  take  half  the  snm  3  from  the  half  snm  subtract  each 
%\Se  separately ;  multiply  the  half  snm  and  the  three  remainders  con- 
tinually together ;  and  the  square  root  of  the  last  product  will  be  the 
area  of  the  triangle. 

Ex.  Required  the  area  of  the  triangle  whose  base  is  6  feet^  and 
perpendicular  height  5  feet. 

5 

2)  30  (15  Ansr. 

PtoI.  3.  To  find  one  Side  of  a  right-angled  Triangle,  having  the 
other  two  Sides  given. 

The  square  of  the  hypotenuse  is  equal  to  both  the  squares  of  the 
two  legs.    Therefore, 

1 .  To  find  the  hypotenuse  ;  add  the  squares  of  the  two  1^  to- 
gether, and  extract  the  square  root  of  the  sum. 

2.  To  find  one  leg ;  subtract  the  square  of  the  other  leg  from  the 
square  of  the  hypotenuse,  and  extract  the  root  of  the  difi^erence. 

Ex.  1.  Required  the  hypotenuse  of  a  right-angled  triangle,  whose 
base  A  B  is  40,  and  perpendicular  BC  30. 
4         3 


16         9 
9 

25       (5  the  square  root  of  the  sum  of  the  two  squares,  being 
25  the  hypotenuse  AC. 

2  y 
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2.  WbAt  is  tlie  Mrpendiciilar  of  a  ngfat-iaglcd  lriaBgle«  wtae 
bua^AB  is  56>  and  hypotenuse,  AC  65  ? 
56        65 
56        65 

336      325 
280      390 

3136    4225 
3136 

1089  (  33  The  perpendicalar^  which  is  the  root 
9  of  the  remainder  of  the  square  of  the 

■  hvpotenuse  AC,  when  the  square 

63  I  189  of  AB  has  been  subtracted. 

3  I  189 
Prob.  4.  To  find  the  Area  of  a  Trapezoid. 

Multiply  the  som  of  the  two  parallel  sides  by  the  perpendicular 
distance  between  theni»  and  half  the  product  will  be  the  area. 

JEr.  In  a  trapeaoid,  the  parallel  sides  are  AB  7»  and  CD  12« 
and  tiM(,perpeiidicn]ar  distance  AP  or  CN  is  9  :  required  the  area. 
7 

9 

171 

85|  the  area. 
Pfoh.  5.  To  find  the  Area  of  a  Trapezium. 

Ca$efor  any  Jrapmuin.— Divide  it  into  two  triangles  by  a  dia- 
gonal ;  then  hnd  the  areas  of  these  triangles,  and  add  them  together. 
Note.  If  two  perpendiculars  be  let  fall  on  the  diagonal,  from  the 
other  two  opposite  angles,  the  sum  of  these  perpsndicolars  being 
multiplied  by  the  diagonal,  half  the  product  will  be  the  area  of  tlw 
trapesiiam. 

Bt.  To  find  the  area  of  the  trapezium  ABCD,  the  diagonal  AC 
being 4^  » the  perpeadieular  BF  18    ,  and  the  perpendicular  DE  16. 
18 
16 

34 

42 

68 
136 

2p428 

714  the  answer. 
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Prok.  6.  Tii^find  the  Area  of  an  IrregaUr  Polygoiu 
Drmw  diagonals  dividing  the  figure  into  trapeziums  and  triangles. 
Then  find  the  areas  of  all  these  separately,  and  their  sum  will  be  the 
content  of  the  whole  irregolar  figure. 

E»,  To  find  the  content  of  the  irregnlar  figure  ABCDEiP,  in 
which  are  given  the  following  diagonals  and  perpendiculars  :  namehr. 
CA  =   10 
d.f  =     6 


c.i  ss 

4 

k.0  = 

2 

m.fs 

3 

n.b  = 

4 

For  trapez.  dcfe. 

For 

trapez.  c  f  a  b 

d.    4 

n.b.    4 

ke.   2 

m.f.     3 

6 

r 

df.    6 

ca.      10 

2)36 

2)70 

IS  contents. 

35  com 

18  contents  d.  c.  f  e 
35      —   c  f.  a  b 

53  contents  of  the  irr^^lar 
—    polygon. 

Prob»  7.  To  find  the  Area  of  a  Regular  Polygon. 

Rule,  Multiply  the  perimeter  of  the  figure,  or  sum  of  its  sides, 
by  the  perpendicular  falling  from  its  centre  upon  one  of  its  sides,  and 
half  the  product  will  be  the  area. 

Prob,  8.  In  a  Circular  Arc,  having  any  two  of  the  following  lines, 
▼ia.  the  chord  AB,  the  versed  sine  DP,  the  chord  of  half  the  arc 
AD,  and  the  diameter,  or  the  radius  AC  or  CDgiven,  to  find  the  others. 

If  any  two  of  these  lines  be  given,  two  sides  of  one  of  the  right- 
angled  triangles,  APC  or  APD,  will  be  known,  and  from  them  the 
lemainlng  side,  and  other  lines  in  the  arc,  may  be  found  by  Prob.  3. 

Suppose  AB  and  PD  be  given,  then,  by  Prob.  3.,  the  hau  of  AB, 
or  AP  IS  a  mean  proportional  between  DP  and  PC  -t-  CD ;  for  PC  -f 
CD  +  PD  is  the  diameter  of  the  circle,  half  of  which  is  the  radius 
or  CA,  and  by  Prob.  3,  AC«  —  AP»  =  CP»,  and  AP*  +  PD«  =«  AD«. 

Suppose  CD  and    AB  be   given,  then   half  of  AB  s  AP,  and 

CD  =  AC|  therefore  a/  CD*  -  AP«  =  CP,  and  CD  -  CP  =5 PD. 

V  PD*  +  AP»  =  AD. 

Prob.  9.  To  find  the  Diameter  and  Circumference  of  a  Circle,  the 
one  firom  the  other. 

Mule  1 .    As  7  is  to  22,  so  is  the  diameter  to  the  circumference. 
As  22  is  to  7j  so  is  the  circumference  to  the  ^ameter, 
2y2 


G92 
Butt  2. 
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As  1 13  is  to  355,  so  is  the  diameter  to  the  circumference. 

As  355  is  to  1 13»  so  is  the  circomference  to  the  diameter 
Bule  3.    As  ]  is  to  3*1416,  so  is  the  diameter  to  the  drcamferenoe. 

As  3*  14  IIS  is  to  1,  so  is  the  drcamference  to  the  diameter. 
Er,  1.  la  find  the  circumference  of  a  circle,  whose  diameter  AB 

By  Rule  1. 


7  :  22  : :  10  :  31*42857 
10, 

.    ^ 

7)  220 

31f 
or  31*42857  ans. 

.  -  ♦■    .  ■•. 

By  Rule  2. 

By  RuU  3. 

113:355::10:31-TV2r 
10 

II3T355O  (31-41593 
— — .         the  ans. 
160 

1  :  3-1416:  :  10x31*416 
the  circumference  nearly, 
the    true    circumference 
Being 
31*41592653*8979,  &c. 

470 

180 
670 

So  that  the  2d  rule  is 
nearest  the  truth. 

1050 

330 

2.  To  find  the  diameter  when  the  circumference  is  100. 
By  Rule  1. 

7  X  25  =  ]75- 
II       3    11 


22  :  7  :  :  50 


ar  15-H-   =s  15-9090  ans 


i 
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By  Rule  2. 

ByRuieS 

355:113::50:15f|. 

31416:  1::50:  15-9156 

50 

50 

355 

5650 

3-]416)50'000  (15*9156 

71 

1130  (15*9155 

)  18584 

420 

2876 

650 

49 

110 

18 

390  2 

350 

ProL  10.    To  find  the  Length  of  any  Arc  of  a  Circle. 
Rule  1.    As  180  is  to  the  number  of  degrees  in  the  arc. 
So  is  3*1416  times  the  radins,  to  its  length. 
Or  as  3  is  to  the  number  of  degrees  in  the  arc* 
So  is  *05236  times  the  radius,  to  its  length. 
£r.  1 .  To  find  the  length  of  an  arc  ADB  (Prob.  8,)  of  30  degn99, 
the  radios  being  9  feet.| 

3-1416 
9 

As  180  :  30      

Or  6:1  ::  282744:  47124 
Or  3  :  36  :  :  -05236  X  9  :  4-7124 
90 

4*7124  the  answer. 

Rule  2.  From  8  times  the  chord  of  half  the  arc  subtract  the 
^rd  of  the  whole  arc,  and  4  of  the  remainder  will  be  the  length  of 
Jie  arc  nearly. 

£x.  2.  The  chord  AB  (Proh.  8.)  of  the  whole  arc  being  4*65874, 
ind  the  chord  AD  of  the  half  arc  2*34947  ;  reqaired  the  length  of 
Lhe  arc 

2*34947 
8 


18*79576 
4*65874 

3)14:13702 


4-71234 
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Pnh,  11.    T^^l^ki  the  Area  of  a  Circle,  ^  diimtter  or 
ference  being  ffiren. 

Rule  1.    Multiply  balf  the  circumference  by  half  the  diaoMter. 
Or,  take  i  of  the  product  of  the  whole  circonifereooe  and  diameter. 

Rule  2.    Mpltiply  the  square  of  the  diameter  by  -7854 • 

Rule  3.    Moltiply  the  square  of  the  circunferenoe  by  *0795S. 

Rule  4,    As  14  is  to  1 1,  so  is  the  square  of  the  diameter  to  the 
area. 

RuU  5.  As  88  is  to  7,  so  is  the  square  of  the  circumference  to  the 
area. 

£jr.  To  find  the  area  of  a  circle  whose  diameter  is  10,  and  cir- 
cumference  314*159265 

By  Rule  2. 


By  Rule  1. 
31*4159265 
10 

4)314- 159265 

area    78539816 


7854 
100 

area  78*54 


14 


By  Rule  4. 
11  ::  100 

11     area 

14  I  1100  I  78*57 
I    98    I 


120 
112 


By  Rules. 

iq.  circ.  98696044 

iavert.      85970 

6908723 

888264 

49348 

7896 


78*54231  area. 


80 
70 

100 
98 


By  RuU  5. 
31*4159265  circom. 
562951413   invert. 
94247779 
3141593 
1256637 
31416 
15708 
2827 
63 
19 
2 


88:7: 

:  986-96044 
7 

8 

6908-72308 

11 

863-59038 

78*50821 
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Pivh.  Id.    To  fiod  tile  Area  of  the  SeMor  of  a  Cilrcle. 

J?ii^K  Multiply  the  radius,  or  half  the  diaiiieter«  b/balftho 
src  of  the  sector,  for  the  area.  Or  take  ^  of  the  product  of.  the  dia- 
meter and  arc  of  the  sector. 

JVb/e.    The  arc  may  be  fonnd  by  problem  10. 

Rule  2.  As  360  is  to  the  degrees  in  the  arc  of  the  sector,  so  Is 
the  whole  area  of  the  circle,  to  the  area  of  the  sector^ 

Ex.  What  is  the  area  of  the  sector  CAB,  the  radios  being  10^  and 
the  chord  AB  16. 


100=AC« 
64=AE« 

36  (6=CE 
10=CD 

4»DE 

lessDE- 
64:«AEi 

"^(8-9442719=  AD. 
8 

71-5541752 
16 

3)  55-5541752 

2)  18-5]805d4arcADB 

9-2590297  zt,  half  are 
10  s«  radios 

92*590297  aAsirer. 

Prob,  13.    To  find  the  Ar^  of  a  Sennenit  of  a  Circle. 

Rule.    Find  the  area  of  the  sector  haThig  the  same  ^rc  with  the 
segment*  by  the  last  problem. 

Vhd  the  area  of  the  triangle,  formed  by  the  chord  of  the  segment 
sitd  die  two  ra^i  of  the  sector. 

Then  the  som  of  these  two  will  be  the  answer  when  the  segment  b 
greater  than  a  semicircle :  hot  the  diferoBce  will  be  the 
when  It  ii  less  than  a  semicircle. 
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Ex.  Required  the  area  of  the  segment  ACl5l>^  its  chord  AB  being 
12^  and  the  radius  £A  or  C£  10. 

100  AE- 
36AD« 

64  DE« 

its  root    8  DE 
from       10  C£ 

2  CD 

4CI> 
36AI> 

40  chord  AC*  6    AD 

—  8    DE 

its  root    6*324555  chord  AC  — 

8  48  area  of  A  EAB 


50*596440 
12* 

3)38-59644 


2)12-86548  arc  ACB 


6-43274  i  arc 
10  radius 


64-3274  area  of  sect.  EACB 
480000  area  of  triangle  EAB 

ans.  16*3274  area  of  segm.  ACBA 


Prob.  14.    To  find  the  Area  of  a  Circular  Zone  ADCBA. 

Rule  1.  Find  the  areas  of  the  two  segments  AEB^  DEC,  and  their 
difference  will  be  the  zone  ADCB. 

Rule  2.  To  the  area  of  the  trapezoid  DQP  add  the  area  of  the 
small  segment  ADR  5  and  double  the  sura  for  the  area  of  the  zone 
ADCB. 

Prob,  15.  To  find  the  Area  of  a  Circular  Ring,  or  Space  included 
between  two  Concentric  Circles- 

The  difference  between  the  two  circles  will  be  the  ring.  Or,  mul- 
tiply th^  sum  of  the  diameters  by  their  difference^  and  multiply  the 
product  by  -7854  for  the  answer. 

Ex.  The  diameters  of  the  two  concentric  circles   being  AB  10 
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DO  €,  rafBflvd  tke  am  of  tke  riw  cgati'iMw  IKtvccn  llMir 
A£fiA,  ud  BFGD. 


10 
6 

•7dM 
64 

16 

4 

31416 
47124 

64 

Mh2656Aittr 

IVi^.  16.  To  Beasare  loag  liTfgabr  Pigores. 

Take  tke  breadth  in  sereral  pU»s  at  c^oal  distaaces.  Add  all 
lae  bnadiha  together,  aad  divkfe  the  sob  by  tl^  aaabcr  of  Oaem, 
§m  tfccfaa  breadth  i  which  maltiply  bj  the  leagth  Cor  the  area. 

Ex.  The  breadUtf  of  an  irregnlar  ^are,  at  fire  equ-Artant 
plH»  beii^AD  8-1,  bP7'4,  nq  9^2,  or  ICI,  BC8-6;  »d  the 
length  AB  39;  icqaiicd  the 

SI 
7-4 
9-2 
10-1 
8^ 

5)  43  4 

8^68 
39 

7812 
2604 

338-32  Ansr. 


MENSURATION  OP  SOLIDS. 

iVv».  1 .  To  find  the  Solkfity  of  a  Cabe. 
Gabe bseof  ita  sides  for  the  contenta ;  that  is,  mahzply  the 
Ipy  kaetf,  aMi  that  prodact  by  the  sidt 
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£r.  If  the  tide  of  a  cube  be  24  incbea.  what  u  its  lotidity  or  eootenti  t 
24 


2304 
1152 

13824  Ansr. 
Pfob,  2.  To  find  the  Solidity  of  a  ParaDelopipedon. 
Multiply  the  length  by  the  breadth,  and  the  prodocts  by  the  depth 
or  altitnde. 

Ex.  Required  the  contents  of  the  parallelopipedon  whose  leagtk 
AB  is  6,  its  breadth  AC  2,  and  altitnde  BD  3. 
6 
2 

12 
3 

36  Ansr. 
Prob.  3.  To  find- the  Solidity  of  any  Prism. 
Mnltiply  the  area  of  the  base,  or  end,  by  the  height,  and  it  will 
give  the  contents. 

Which  rale  will  do,  whether  the  prism  be  triangular  or  square,  or 
pentagonal,  &c.  or  round,  as  a  cylinder. 

Ex,  What  is  the  content  of  a  triangular  prism*  whose  length  ii 
12,  and  each  side  of  its  equilateral  base  8  } 

Area  of  base,  28  X  12=336  contents. 
Prob,  4.  To  find  the  Convex  Surface  of  a  Cylinder. 
Multiply  the  circumference  by  the  height  of  the  cylinder. 
Prob,  5.  To  find  the  Convex  Surface  of  a  Right  Cone. 
Multiply  the  circumference  of  the  base  by  the  slant  height,  or 
length  of  the  side,  and  half  the  product  will  be  the  surface. 

£r.  If  the  diameter  of  the  base  be  5  feet,  and  the  side  of  the 
cone  18,  required  the  convex  surface. 
31416 

5 

157080  circumf. 

18 

125664 
15708 


)  282744 
141*372  Anir. 
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Proh.  6.  To  find  theCoDTex  Sarfaceof  the  Frostumof  a  Rigbt  Gone. 
Moltipljr  the  sum  of  the  perimeters  of  the  two  ends  by  the  slant 
height  or  side  of  the  frustum,  and  half  the  prodoct  will  be  thesnrface. 
£x.  If  the  drcnmfereoces  of  the  two  ends  be  12*5  and  10*3,  and 
the  slant  height  14^  required  the  convex  surface  of  the  fmstam. 
12-5 
10-3 

22-8 
14 

912 
228 

2  )  3J9-2 

159-6  i^nsr. 

Proh.  7.  To  find  the  Solidity  of  a  Gone^  or  any  Pyramids  ^  - 

Multiply  the  area  of  the  base  by  the  perpendicnlar  height  of  the 
area,  and  one-third  of  the  product  will  be  the  contents. 

Prtb,  8.  To  find  the  Solidity  of  any  Frustum  of  a  Cone  or  Pyramid. 

Ruie,  Add  together  the  area  of  the  base,  the  area  of  the  upper 
surface,  and  the  mean  proportional  between  those  areas ;  take  one- 
third  of  this  sum  for  the  mean  area,  which  multiplied  by  the  height 
will  give  the  contents.— -Or,  for  a  cone>  take  the  square  of  each  dia- 
meter of  the  base  and  upper  surface,  and  the  product  of  these  two  di» 
ameters  multiplied  together  3  add  these  three  snms  together,  and 
multiply  by  *2618  for  the  mean  area,  which  mnldply  as  before. 

Or,  if  the  circumferences  be  used  in  like  manner,  instead  of  their 
diameters,  the  multiplier  will  be  *02654. 

£r.  What  is  the  content  of  the  frustum  of  a  cone,  whose  height 
b  20  inches,  and  the  diameters  of  its  two  ends  28  and  20  inches  ? 
Area  of  base  615*79  28  38  20 

Area  ofupper  surface  314*1 6  28  20  20 

Mean  proportional    439*84 

3  )  1369-79 

456*59 
20 


9131-80 


224 

560 

40C 

56 

784 
400 

' 

784 

1744 
2618 

13952 
1744 

10464 

3488 

456*5792 

20 

9131*5840  Anir. 
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Proh.  9.  To  find  the  Solidity  of  a  Wedge.  . 

To  the  length  of  the  edge  add  twice  the  length  of  the  back  or  base, 
and  reBerve  the  sum ;  multiply  the  height  of  the  wedge  by  the 
breadth  of  the  base ;  then  multiply  this  product  by  the  reserved  sum, 
and  one-sixth  of  the  last  product  will  be  the  contents. 

Ex.  What  is  the  contents  of  a  wedge,  whose  altitude  AP  is  1 4 
inches,  its  edge  AB  21  inches,  and  the  length  of  its  base  DE  32 
incbes,  and  its  breadth  CD  4  J  inches  ? 
21  14 


32 

H 

32 

— 

— . 

56 

85 

7 

63 

85 

315 

504 

5355 
892*5  Ansr. 
Proh.  10.  To  find  the  Solidity  of  a  Prismoid. 
D^nition, — A  prismoid  differs  only  from  the  frustum  of  a  pyramid, 
iu  not  having  its  opposite  ends  simiUur  planes. 

Rule,  Add  into  one  sum,  the  areas  of  the  two  ends  and  four  times 
the  middle  section  parallel  to  them,  and  one-sixth  of  that  sum  will  be 
a  mean  area  -,  and  being  multiplied  by  the  height,  will  give  the 
contents. 

Note, — The  length  of  the  middle  section  is  equal  to 'half  the  sum 
of  the  lengths  of  the  two  ends  ;  and  its  breadth  is  equal  to  half  the 
sum  of  the  breadths  of  the  two  ends. 

Ex.  What  are  the .  contents  of  a  prismoid  whose  ends  are  rec- 
tangles, the  length  and  breadth  of  the  one  being  14  and  12  ;  and 
the  corresponding  sides  of  the  other  6  and  4,  the  perpendicular  height 
being  30^  ? 

14  10  6 

12  8  4 

168  80  24 

320 

168 
24 

6  )'512 
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Stt-k-^  mean  area. 
30|  height. 

2560 
2602*6  Ansr. 


Prob.  Jll .  To  find  the ConTex  Sorface  of  a  Sphere  or  Globe. 
Multiply  its  diameter  by  its  circnmference. 

iVb/e.— In  like  manner  the  convex  surface  of  any  zone  or  iCj|;roent 
is  found,  by  mnltiplying  its  height  by  the  whole  circumference  of  the 
sphere. 

£x.  Required  the  convex  superficies  of  a  globe,  whose  diameter 
or  uus  is  24. 

3-1416 

24  diam. 


125664 
62832 


75-3984  circumf. 
24 


3015936 
1507968 


1899'56]6  Ansr. 


Proh  12.    To  find  the  Solidity  of  a  Sphere  or  Globe. 

Moltiply  the  cube  of  the  axis  by  •5236. 

£x.  What  is  the  solidity  of  the  sphere,  whose  axis  is  1!^  > 

12 

12 

144 
12 

1728 
•5236 


10368 
5184 
3456 
8640 


904-7808  Anv. 
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Proh.  13.  To  find  the  Solidity  of  a  Sj^rical  ScRment. 
To  3  times  the  square  of  the  radius  of  its  base  add  the  square  of  iti 
height ;  then  multiply  the  sum  by  the  height,  and  the  prodoct  agsin 
by  -5236. 

jKt.  Required  the  contents   of  a  spherical  segment^  its  height 
AB  being  4,  and  the  radius  of  its  base  CD  8. 

8  4  -5236 

8  ,4  832 


64 
3 

92 

!6 
192 

208 
4 

10472 
15708 
41888 

435-6352  Ansi. 

832 

Prob,  14.    To  find  the  Solidity  of  a  Spherical  2^ne  or  Prnstum. 
Add  together  the  square  of  the  radios  of  each  end  and  -^  of  the 
square  of  their  distance,  or  the  height ;  then  multiply  the  sum  by 
the  said  height,  and  the  product  again  by  1  '5708. 

Es.   What  is  the  sohd  contents  of  a  zone,  whose  greater  diame- 
ter is  12,  the  less  8,  and  the  height  10  inches  ? 
6  4  10 

6  4  10 

36  16  3)  lUO 

—  36  

33-s  33} 

85-i- 
1-5708 


78540 
125664 
5236 

1340416 
10 


1340-416  Ansr. 

Proh.  15.  To  find  the  Surface  of  a  Circular  Spindle. 

Multiply  the  length  AB  of  the  spindle  by  the  radius  OC  of  the  re- 
volving arc.  Multiply  also  the  said  arc  ACB  by  the  central  dis- 
tance OE,  or  distance  between  the  centre  of  the  spindle  and  centre 
of  the  revolving  arc.  Subtract  the  latter  product  from  the  former, 
and  multiply  the  remainder  by  6*2832,  for  the  surface. 

Note.  The  same  role  will  serve  for  any  segment  or  zone  cut  off 
perpendicular  to  the  chord  of  the  revolving  arc,   only  using  the  par- 
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ticQlar  length  of  the  part,  and  the  part  of  the  art  which  describes  it, 
instead  of  the  whole  length  and  whole  arc. 

Ex*    Required  the  sarface  of  acircalar  spindle,  whose  length 
AB  is  40,  and  its  thicluiess  CD  30  inches. 

Here,  by  the  remarks  at  pa.  688.       

The  chord  AC  =  \/  AE«  +  CE*  =  V  20«  +  15«  =  25, 
and  2  CE  :  AC  :  :  AC  :  CO  =^»  =20f , 
hence  OE  =  OC  •-  CE  =  20^  -  15  =  5^. 
Also,  by  problem  10«  role  2,  pa.  693 
25  AC 
8 

200 
40  AB 

3)  160 

53ir  arc  ACB  • 

Then,  byonrrole, 
20i  53i. 

40  5i 

800  266f 

33+  44f 

833+  311+ 

311+ 


522+  or  522-2  or 


4700 
9 

6-2832  Or  thus, 

'  6-2832 

10444  4700 

156666  

4177777                        439824 
10444444                       251328 
313333333  


3281-22666 


9  )  29531-04 

3281*226  ans.  nearly 


I        Prob.  1 6.    To  find  the  Solidity  of  a  Circular  Spindle. 
,        Moltiplv  the  central  distance  OE  by  half  the  area  of  the  rcYoKng 
^  Mmeot  ACBEA.     Subtract  the  product  (rom  +  of  the  cube  of  EA, 
hui  the  length  of  the  spmdle.    Then  multiply  the   remainder  by 
^    18-5664,  or  4  times  3'  1 4 1 6,  for  the  whole  contents 

f 


i 
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Ex,  Required  the  contents  of  the  circnlar  spindle,  whose  length 
AB  is  40,  and  middle  diameter  CD  30. 

By  the  work  of  the  last  problem, 
wehaveOEs    6^  20  half  length 


and  arc  AC  s  26^ 

20 

and  rad.  OC  =  20^ 

—«' 

.... 

400 

53H 

20 

22-J- 

— 

3 )  8000 

Sector  OACB       565^- 

AExOE=OABnH 

26664- 

— 

1280* 

2)4384 

13864- 

Jseg.  ACE    219.J. 

OE        5f 

or  1386-44 

4665-21  mnlt  inver. 

1097^ 

183  nearly 

138644 

— ^ 

27739 

12801- 

6932 

832 

83 

5 

17423-5  Ansr. 

Prob.  17.  To  find  the  Solidity  of  the  Middle  Fmstam  or  Zone 
of  a  Circular  Spindle. 

From  the  square  of  half  the  length  of  the  whole  spindle,  take  •>- 
of  the  square  of  half  the  length  of  the  middle  frustum,  and  multiply 
the  remainder  by  the  said  half  length  of  the  frustum.— —Multiply 
the  central  distance  by  the  revolving  area,  which  generates  the  mid- 
dle frustum. — Subtract  this  latter  product  from  the  former ;  and  the 
remainder  multiplied  by  62832,  or  twice. 3*1416,  will  give  the 
contents.  ... 

Ex,  Required  the  solidity  of  the  fmstom,  whose  length  m  n  is 
40  inches,  also  its  greatest  diameter  EF  is  32,  and  least  diameter 
AD  or  BC  24. 

Draw  DG  parallel  to  m  n,  then  we 
have    DG  =  Jm  n  =  20, 
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7» 


and 
diord  DE* 


EG  =  lEF  -  4AD  =  4, 

[>E<=  DG*  +  GE«  s  416, 


416 


and     D£*  h-  EG  =  ^^  104  the  diameter  of  Uie  generating 

^  circle, 

or  the  radios  OE  =  52, 

hence  01  =  52  *  16  =  36  the  central  distance, 
and  HI«  =  0H«  -  01«  =  52«-  36*  =  1408, 
|DG«=^of400=        ..        ..      133f, 


DG 


25493-i- 


GE  ^  2  OE  =r  1^=^=  '03846  a  ver.  sine 


1st.  prod. 


Its  tab.  segment 
but  104«        is 

«rea  of  seg.  DECGD 
m  D  X  mn  =  12  X  40 

ireDer.  area  m  DEC  n 
^  01 


'00994 
10816 

r07-51104 
480- 

587-51104 
36 

21150-39744  2d  prodoci 
25493-33333  1st  product 

4342*93589 

2382'6        mnit.  ior. 


27287-5  Ansr. 

Prob.  18.  To  find  the  Superficies  or  Solidity  of  any  Regular  Body. 

1.  Multiply  the  tabular  area  (taken  from  the  following  table)  by 
te  soqare  of  the  linear  edge  of  the  body  for  the  Bnperfiaea. 

2.  Multiply  the  tabular  solidity  by  the  cube  of  the  linear  edge^ 
vt  the  solid  contents. 


2Z 
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No.  of 
Sides 


Sarfacea  and  Solidities  of  Regular  Bod 


4 

6 

8 

12 

20 


Names 


TetraedroQ 

HexaedroQ 

Octaedroii 

Dodecaedron 

leosaedron 


Surfaces 


1-73205 
600000 
3-46410 
2064573 
866025 


Solidities 


011785 
1-00000 
0-47140 
7-66312 
2-18169 


Ex.   If  the  linear  edge  or  side  of  a  tetracdron  be  3,  required  its 
surface  and  solidity. 

The  square  of  3  is  9^  and  the  cube  27>.    Then^ 
tab.  Bur.  1-73205  0*11785  tab.  sol. 

^  9  27 


superf.    15*58845 


82495 
23570 


solidity  318195 
Proh.  19.  To  find  the  Surface  of  a  Gylindrical  Riog. 
This  figure  being  only  a  cylinder  bent  round  into  a  ring,  its  surface 
and  solidity  may  be  found  as  in  the  cylindert  nainely;i  by  nultiplying 
the  axiSj  or  length  of  the  cylinder,  by  the  circumference  of  the  ring 
or  section,  for  the  surface ;  and  by  the  area  of  a  section^  for  the  so- 
lidity.   Or  use  the  f(dk>«nng  rules  : 

For  the  surface.^— To  the  thickness  of  the  ring  add  the  inner 
diameter ;  multiply  this  sum  by  the  thickness,  and  the  product  again 
by  9*8696,  or  the  square  of  3*  1416. 

£r.  Required  the  superficies  of  a  ring,  whose  thickness  AB  is  2 
inches,  and  inner  diameter  BC  is  12  inches. 
12  9-8696 

2  28 


14 


789568 
197392 


28  276-3488  Ansr. 

Prob,  20.  To  find  the  Solidity  of  a  Cylindrical  Ring. 
To  the  thickness  of  the  ring  add  the  inner  diameter  ;  then  multiply 
(be  sum  by  the  square  of  the  thickness,  and  the  product  again  by 
2*4674,  or  ^  of  the  square  of  31416,  for  the  solidity. 

Ex,  Required  the  solidity  of  the  ring  whose  thicuess  is  i  incbes, 
and  its  inner  diameter  12. 

12  2*4674 

2  56 


14 

148044 

4 

123370 

56 

1381744  Ansr. 

USEFUL  RECEIPTS. 


Compounds  of  Metals, 
fJFuiitle  Metal.^^o.  L 

4  oz.  of  bistnntb, 
21  oz.  of  lead,  and 

J  j  oz,  of  tin.  ^* 

Pot  the  bismuth  into  a  craciblej  and,  when  it  is  melted^  add  thMid 
aod  tia.  This  will  fom  an  alloy  fusible  at  the  temperature  of  boiliog 
water. 

No*  2.         1  oz.  of  zinc, 

1  oz.  of  bismathj,  and 

1  oa.  of  lead. 

This  alloy  is  so  very  fusible^  that  it  vr ill  remaio  in  a  state  of  fusion  if 
pat  on  a  sheet  of  paper^  and  held  over  the  6ame  of  a  candle  or  lamp. 
No.  3. 3  parts  of  lead, 

2  parts  of  tin,  and 

5  parts  of  bismuthj 

will  form  an  alloy  fusible  at  1 97"  Fahrenheit^  pecuUarfy  applicable 
to  castings  or  the  taking  6{  impressions  from  gems,  &eals,  Bic,  In 
making  casts  with  this  and  similar  alloys,  it  is  necessary  to  use  the 
metal  at  as  tow  a  temperature  as  possible ;  otherwise^  the  water  ad* 
hering  to  the  things  from  which  the  casts  are  to  be  taken,  forms 
vapour,  and  produces  bubbles.  The  fused  metal  should  be  poured 
into  a  tea-cup,  and  allowed  to  cool,  till  just  ready  to  set  at  the  edgM» 
when  it  must  ht  poured  into  the  mould.     In  taking  impressions  from 

Cis»  seals,  &c,  the  fused  alloy  should  be  placed  on  paper  or  paste* 
rd,  and  stirred  about  till  it  has,  by  cooling,  attained  the  consis* 
tence  of  paste,  at  which  moment   the  die,  gem,  or  seal  should  t>e 
stamped  on  it,  and  a  very  sharp  impression  will  then  be  obtained. 
Bath  Mttal,  is  a  mixture  of 

4^  oz,  of  sciDC,  with 
1  lb.  of  brass. 
Brms  U  composed  of 

41  lb*  of  copper,  and 
l|  lb.  of  zinc. 
But  brass  that  is  to  be  cast  Into  plat^^s,  from  which  pans  and  kettles 
are  to  l>e  made,  and  wire  is  to  be  drawn,  mast,  instead  of  using  the 
nac  m  a  pure  state,  be  composed  of 

56  lb.  of  the  finest  calamtnei  or  oreof  mc^  aod 
34  lb.  of  copper. 
2Z2 
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Old  brass^  which  has  been  freqaentW  exposed  to  the  acuvn  of  fire, 
when  mixed  with  the  copper  and  calamine,  renders  the  brass  far  more 
ductile,  and  fitter  for  the  making  of  fine  wire,  than  It  wonld  be  with- 
oat  it ;  bat  the  German  brass,  particularly  that  of  Noremborgh,  is, 
Irhen  drawn  into  wire,  said  to  be  far  preferable  to  any  made  in  Eng- 
land, for  the  strings  of  musical  instruments. 

Pinchbeck, — ^No.  1. 

5  oz.  of  pure  copper,  and 

1  oz.  of  zinc. 

The  zinc  must  not  be  added  till  the  copper  is  in  a  state  of  fusion. 
Some  use  only  half  this  quantity  of  zinc,  in  which  proportion  the 
alloy  is  more  easily  worked,  especially  in  the  making  of  jewellery. 

No.  2.^—1  oz.  of  brass. 

2  oz.  of  copper, 
together,  under  a  coat  of  charcoal  dust. 


1 


ncesffeial.-^^o.  1. 

3  oz.  of  copper,  and 
1  oz.  of  zinc. 

Or,  8  oz.  of  brass,  and 

1  oz.  of  zinc. 

>Io.  2.— -4  oz.  of  copper,  and 

2  oz.  of  zinc. 

In  this  last,  the  copper  most  be  fosed  before  the  zinc  is  added. 
When  they  have  combined,  a  very  beaotifurand  useful  alloy  is  formed, 
called  Prince  Rupert's  metal. 

BcU  MelaLSo.  1. 

6  parts  of  copper,  and 
2  parts  of  tin. 
fhese  proportions  are  the  most  approved,  for  bells,  throughout  Eu- 
rope, and  in  China.  In-  the  Onion  of  the  two  metals,  the  combination 
is  so  complete,  that  the  specific  gravity  of  the  alloy  is  greater  than 
that  of  the  two  metals  in  an  uncombined  state. 
No.  2.— —10  parts  of  copper,  and 
2  parts  of  tin. 

It  may,  in  general,  be  observed,  that  a  less  proportion  of  tin  is 
iised  for  making  church-bells  than  clock  bells  -,  and  that  a  little  zinc 
is  added  for  the  bells  of  repeating  watches,  and  other  small  bells. 

Tuiania,  or  Brilannia  Metal. — No.  1. 

4  oz.  of  plate  brass,  and 

4  oz.  of  tin  ',  when  in  fusion,  add 

4  oz.  of  bismuth,  and 

4  oz.  of  regolus  of  antimony. 
This  Is  the  composition,  or  hardening,  that  is  to  be  added,  at  dis- 
cretion, to  melted  tin,  until  it  has  acquired  the  requisite  degree  of 
colour  and  hardness. 

No.  2.— Melt  together,  2  lb.  of  plate  brass. 
2  lb.  of  tin^ 
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2  lb.  of  bisiDiith, 
2  lb.  regulns  of  antimony, 
2  lb.  of  a  mixture  of  copper  and  arsenic^ 
either  by  cementation  or  melting. 

This  composition  is  to  be  added^  at  discretion,  to  melted  tin. 

~  No.  3. 1  lb.  of  copper, 

1  lb.  of  tin,  and 

2  lb.  of  regulns  of  antimony,  with  or  without  a 

little  bismuth. 

oz.  of  shruff  brass, 
2  lb.  regulns  of  antimony,  and 
10  lb.  of  tin. 


GeniMn  Tulania. 


2  drachms  of  copper, 
1  oz.  regulus  of  antimony,  and 
12  oz.  of  tin. 


Spanish  Tutania, — No.  1. 

8  oz.  of  scrap  iron  or  steel, 
1  lb.  of  antimony,  and 

3  oz.  of  nitre. 

The  iron  or  steel  must  be  heated  to  a  white  heat^  and  the  antimony 
and  nitre  must  be  added  in  small  portions.  Melt  and  harden  1  lb.  of 
tin  with  2  oz.  of  this  compound. 

No.  2. — Melt  together,  4  oz.  of  antimony, 

1  oz.  of  arsenic,  and 

2  lb.  of  tin. 

The  first  of  these  Spanish  alloys  would  be  a  beautiful  metal  if  ar- 
senic were  added. 

Engestroom  Tutania. 

4  parts  copper, 

8  parts  regulns  of  antimony,  and 
1  part  bismuth. 

When  added  to  100  parts  of  tin,  this  compound  will  be  ready  for  ase. 

Queens  ilfe/a/.— No.  1. 

'  lb.  of  tin, 
lb.  bismuth, 
lb.  antimony,  and 
lb.  lead. 

This  alloy  is  used  for  the  making  of  tea-pots,  and  other  vessels, 
which  are  required  to  imitate  silrer.     It  retains  its  lustre  to  the  last. 

No.  2. 1001b.  of  tin, 

8  lb.  regulus  of  antimony, 
1  lb.  bismuth,  and 
41b. 
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mUe  Meial.^^0.  1. 

10  02.  of  lead, 

6  oz.  of  biflmntb,  aod 

4  drachiQs  r^^ns  of  antimony. 

1^0,  i).<— -2  lb.  of  regains  of  anIuaoBy, 
8  oz.  of  brass^  and 
10  oz.  of  tin. 

CSmumou  Hwri  WkUe  Metal. 

I  lb.  of  braiB, 

II  oz.  ofzinc^and 
I  oz.  of  tin. 

Tombac.  16  lb.  of  copper, 

1  lb.  of  tin,  and 
1  lb.  of  zinc. 

(^ed  Tombac,  ^l  lb.  of  copper,  and 

^^  i  lb.  of  zinc. 

The  copper  mnst  be  fused  in  the  crndble  before  the  anc  is  added. 
This  alloy  is  of  a  reddish  oolonr,  and  possesses  more  Instre,  and  is  of 
greater  dnrability,  than  copper. 

White  Tombac.        Copper  and 
Arsenic, 
f  nt  together  In  ^  crndble,  and  melted,  covering  the  snrfiioe  with  ma- 
riate  of  soda,  to  prevent  oxidation,  will  form  a  white  britUe  alloy. 

Gun  Meiai.^'So.  1.112  lb.  of  Bristol  brass, 
14  lb.  zinc,  and 
7  lb.  block  tin. 

No.  2.— 9  parts  copper,  and 
1  part  tin. 
The  above  compounds  are  those  used  in  the  manafaetare  of  small 
and  great  brass  gans,  swivels,  &c. 

Blanched  Copper.        8  oz.  of  copper,  and 

^  oz.  of  neutral  arsenical  salt, 
fused  together,  under  a  flux  composed  of  calcined  borax,  charcoal 
dost^  and  fine  powder  glass. 

Specula  of  Telescopes. 

7  lb.  of  copper,  and  when  fused,  add 

3  ib.  of  zinc,  and 

4  lb.  of  tin. 

These  metals  will  combine  and  form  a  beautiful  alloy  of  great  lustre, 
and  of  a  light  yellow  colour,  fitted  to  be  made  into  specula  for  teles- 
copes. Mr.  Mudge  used  only  copper  and  grain  tin,  in  the  proportion 
of  two  pounds  to  fourteen  and  a  half  ounces. 

Kustitiens  Metal  for  Tinnmg. 

To  1  lb.  of  malleable  iron,  at  a  wlude  heat,  add 
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5  oa,  of  regalot  of  aDtimooy,  and 
24  lb.  of  tbo  purest  Molucca  tin. 
Tkit  alloy  poUsbcs  nitbont  tbe  blue  tint,  and  i«  free   £roiu  lead  or 
•rscnic. 

Metal  for  Flute-key  Vainfes, 

4  o2.  lead,  and 
2  o2.  antimony, 
in  a  CTttcible,  and  cast  into  a  bar,  forms  an  ftlloy  of  conKirlcrnhle 
laeis  and  tiistie.     It  is  used  by  Date  tnaDnfatturerti  (vvbeii  turtiod 
'iBto  smfell  buttons  in  a  lathe,)  for  inakm^  valves  to  stop  tbe  key  • 
llkoles  of  flutes. 

Printers'  Tyfnts,      10  lb,  of  lead,  and 
2  lb.  of  aotiuiony. 
Tbe  antimony  muf;t  be  tbrown  into  tbc  crnciWe  when  tbe  lead  is  to 
a  ftate  of  fusion.    The  antimony  gives  a  hardness  (o  the  lead ^  witboat 
[which,  the  type  wou!d  speedily  be  rendered  useless,  in  a  printing 
[press.     Different  proportions  of  lead,  copper,  brass,  and  autimoi||, 
kJVequeofly  constitute  this  metal.     Every  artist  has  Ids  own  propor- 
~  ma,  BO  that  the  some  composition  cannot  be  obtained  from  diflerent 
Iries  ;  each  boasts  of  the  superiority  of  his  oivn  mixtnre, 
SmuU  Tjfpcs  and  Stereotype  Fiates.'—Ko.  1 . 

9  lb.  of  lead,  and  when  melted^  add 
2  lb.  of  antimony,  and 

1  lb.  of  bismuth. 
This  alloy  expands  as  it  cools,  and  is,  therefore,  well  suited  for  tlie 

rormation  of  small  printing  types,  (particularly  when  many  are  cast 
[together,  to  form  stereotype  plates,)   as  the  whole  of  the  mould  is 
[accurately  filled  with  the  alloy  3  consequently,  there  can  be  no  blc. 
kiah  in  the  letters. 

No.  2. 8  parts  lead, 

2  parts  antimony,  and 
I  part  tin. 

Tot  the  mannfactnre  of  stereot\'pe  plates,  plaster  of  Paris,  of  the 
Istcnce  of  a  batter  pudding  before  b.iking,  is  poured  over  the  Ict- 
>re8s  page,  and  worked  into  the  interstices  of  the  types,  with  a 
ih.  It  is  then  collected  from  the  sides,  by  a  slip  of  iron  or  wood, 
as  to  lie  smooth  and  compact.  In  about  two  minutes,  tbe  whole 
lass  Is  hardened  into  a  solid  cake.  This  cake,  which  is  to  serve  at 
tbe  matrix  of  the  stereotype  plate,  ts  now  put  upon  a  rnck  in  an  oven, 
rhere  it  undergoes  great  heat,  so  as  to  drive  off  superfluous  moisture, 
'^ben  ready  for  use,  these  moulds,  according  to  their  size,  are  placed 
in  6at  cast-iron  pots,  and  are  covered  over  with  another  piece  of 
tfait'iron,  perforated  at  cnch  end,  to  admit  the  metallic  composition 
Istcsded  for  the  preparation  of  the  stereotype  plates.  The  flatcaat- 
pots  are  now  fastened  in  a  crane,  which  carries  them  steadily  to 
the  metalljc*bath,  or  melting-pot,  where  they  are  immersed,  and 
ipt  (or  a  considerable  time,  until  n\\  tbe  pores  and  crevices  of  the 
►uld,  are  completely  and  accurately  filled.  When  this  has  taken 
tb«  pots  are  elevated  from  the  btith,  by  working  tbe  crane,  and 
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are  placed  over  a  water>t roughs  to  cool  graaoally.  Wheo  cM,  tdu 
whole  is  turned  out  of  the  pots^  and  the  plaster  being  separated^  by 
hammering  and  waahinff,  the  pUtes  are  ready  for  BBe,  having  receifed 
the  most  exact  and  perfect  impression. 

MetaUk  Casts  from  Engravings  on  Copper, 
A  most  important  discovery  has  lately  been  made^  which  promises 
to  be  of  considerable  utility  b  the  fine  arts :  some  very  beantifQl 
specimens  of  metallic  plates^  of  a  peculiar  composition,  have  lately 
appeared^  under  the  name  of  "  cast  engravings.'*  This  invention 
consists  in  taking  moulds  from  every  kind  of  engravings,  with  line, 
mezzotinto,  or  aquatinta,  and  pouring  on  this  mould  an  alloy,  in  a 
state  of  fusion,  c4>&ble  of  taking  the  finest  impression.  The  obvious 
utility  of  this  invention,  as  applicable  to  engravings  which  meet  with 
a  ready  sale,  and  of  which  great  numbers  are  required,  will  be  incal- 
cnlable ;  as  it  will  wholly  prevent  the  expense  of  retracing,  which 
folks  so  prominent  a  charge  in  all  works  of  an  extended  sale.  No 
aooner  ia  one  cast  worn  out,  than  another  may  be  immediately  pro- 
cured from  the  origbal  plate,  so  that  every  impression  will  be  a 
proof.  Thus,  the  works  of  our  most  celebrated  artists  mav  be  handed 
down,  ad  tf{/!at/ttm,  for  the  improvement  and  delight  of  future  ages, 
and  will  afford,  at  the  same  time,  the  greatest  satisfaction  to  every 
lover  of  the  fine  arts. 

Common  Pewter.    7  lb.  of  tin, 

1  lb.  of  lead, 

6  oz,  of  copper,  and       « 

2  oz.  of  zinc. 

The  copper  most  be  fused  before  the  other  ingredients  are  added. 
This  combination  of  metals  will  form  an  alloy  of  great  durability  and 
tenacity  ;  also,  of  considerable  lustre. 

Best  Pewter,       100  parts  tin,  and 

17  parts  regains  of  antimony. 

Hard  Pewter,        12  lb.  of  tin, 

1  lb.  regulus  of  antimony,  and 
4  oz.  of  copper. 

Common  Solder.      2  lb.  of  lead,  and 
1  lb.  of  tin. 

The  lead  must  be  melted  before  the  tin  is  added.  This  alloy,  when 
heated  by  a  hot  iron,  and  applied  to  the  tinned  iron  with  powdered  rosin, 
acts  as  a  cement  or  solder ;  it  is  also  used  to  join  leaa  pipes,  &c«  &c. 

Sqft  Solder.  2  lb.  of  tin,  and 

1  lb.  of  lead. 

Solder  for  Steel  Joints. 

19  dwts.  of  fine  silver, 

1  dwt.  copper,  and 

2  dwtf.  brass. 
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meltedtccetber  under  a  coat  of  charcoal  dost.  This  sc^er  possesses 
seTeral  adVantages  over  the  usual  zinc  soda^  or  brass»  when  employed 
in  solderinff  cast  steel,  &a  as  it  fuses  with  less  heat*  and  its  white- 
has  a  better  appearance  than  brass. 


Silvir  Solder  for  Jewellers* 

19  dwts.  of  fine  sihrer^ 
1  dwt.  copper,  and 
10  dwts.  brass. 

Silver  Solder  for  Plating. 

10  dwts.  brass,  and 

1  oz.  pure  silver. 

GM  Solder,  12  dwts.  pure  gold, 

2  dwts.  pure  silver,  and 
4  dwts.  copper. 

Brass  Solder  for  Iron. — ^Thin  plates  of  brass  are  to  be  melted  lA- 
tweeii  the  pieces  that  are  to  be  joined.  If  the  work  be  very  fine, 
as  when  two  leaves  of  a  brolcen  saw  are  to  be  brazed  together,  cover 
it  with  pulverized  borax,  melted  with  water,  that  it  may  incorporate 
with  the  brass  powder,  which  is  adde(l  to  it :  the  piece  most  be  then 
exposed  to  the  fire,  without  touching  the  coals,  and  heated  till  the 
brass  is  seen  to  run. 
bronze. 7  lbs.  pure  copper, 

3  lbs.  zinc,  and 

2  lbs.  tio. 
The  copper  must   be  fused  before  the  other  ingredients  are  added. 
These  metals,  when  combined,  form  the  bronze  so  much  used,  both 
in  ancient  and  modem  times,  in  the  formation  of  busts,  medals^  and 
■tatues. 

Composition  of  ancient  Statues, 

According  to  Pliny,  the  metal  used  by  the  Romans  for  their  sta- 
tues, and  for  the  plates  on  which  they  engraved  inscriptions,  was 
composed  in  the  following  manner.  They  fvst  melted  a  quantity  of 
copper,  into  which  they  pot  l-3d  of  its  weight  of  old  copper,  which 
liad  been  long  in  use  ;  to  every  lOOlbs.  weight  of  this  mixture,  they 
added  12^  lbs.  of  an  alloy  composed  of  eqoal  parts  of  lead  and  tin.   , 

Mock  Platina.^MeXi  together 

8  oz.  of  brass,  and 
5  oz.  of  zinc. 

Usefiti  alloy  of  Gold  with  Platinum, 

7-7  dr*  pore  gold,  and 
i  dr.  platinum. 
The4>latinum  must  be  added  when  the  gold  is  perfectly  melted.    The 
two  metals  will  combine  intimately,  forming  an  allo^  rather  whiter 
than  pore  gold,  but  remarkably  doctUe  and  elastic;  it  is  alto  lata 
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perisbalile  tbati  pure  gold,  or  jeweller's  gold :  Imt  more  readily  Mble 
than  that  metal. 

These  excellent  qnalities  mast  render  this  alloy  an  obiect  of  greit 
interest  to  workers  in  metals.  Tot  springt,  when  steel  camBK)t  be 
nsed,  it  will  prove  exceedingly  advaotageons. 

It  is  a  corions  drcnmstance,  that  the  alloy  of  gold  and  platinmn  is 
solnble  in  nitric  acid,  which  does  not  act  on  either  of  the  metals  b  a 
separate  state.  It  is  remarkable^  too^  that  the  alloy  has  very  neariy 
the  colour  of  platinum,  even  when  composed  of  eleven  parts  of  goU  to 
one  of  the  former  metal. 

Ring-gold,  6  dwts.  12  grs.  Spanish  copper, 

3  dwts.  16  grs.  fine  silver,  and 
1  oz.  5  dwts.  gold  coin. 

Gold/rom  35s,  to  40«.  per  ounce, 

8  oz.  8  dwts.  Spanish  copper, 
10  dwts.  Aoe  silver,  and 
1  oz.  gold  coin. 

Manhdm'goU  or  Similor, 

3-^oz.  of  copper, 
li-oz.  of  brass,  and 
15  gr.  ofpnre  tin. 

Gilding' MetaL  4  parts  of  copper, 

1  part  of  Bristol  old  brass,  and 
14  oz.  of  tin  to  every  ponnd  of  copper. 
Far  common  jeweUery^  parts  of  copper, 

1  part  of  Bristol  old  brass,  and 

4  oz.  of  tin  to  every  pound  of  copper. 

If  this  alloy  is  for  fine  polishing,  the  tin  may  t>e  omitted,  and  a  mix* 
tare  of  lead  and  antimony  substituted.  Paler  polishing  metal  is 
made  by  reducing  the  copper  to  two  or  to  one  part. 

Yellow  Dipping  MetaL—So  1. 

2  parts  of  Cbeadle  brass, 

1  part  of  copper,  with  a  little 
Bristol  old  brass,  and 
}  oz.  of  tin  to  every  pound  of  copper., 
This  alloy  is  almost  of  the  colour  of  gold  coio.     Cbeadle  brass  is  die 
darkest,  and  gives  the  metal  a  greenish  hue.    Old  Bristol  brass  0 
pale  and  yellow. 

No.   2. — 1  lb.  of  copper,  and 

5  oz.  of  zinc. 

The  copper  should  be  tough  cake,  and  not  tile. 

When  antimony  is  used  instead  of  tin,  it  should  be  in  smallei 
quantity,  or  the  metal  will  be  brittle. 

ImitaHon  of  Silver,     f  oz.  of  tin,  and 

1  lb.  of  copper. 
Will  make  a  pale  bell-metal,  which  will  noU  and  ring  very  netr  t» 
sterling  silver. 
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PREPARATION  OF  FOILS. 

Fotb  are  tkin  pUtes  or  karat  of  acfal  tint  are  pot  —fa  stoaci, 

caipai'Hifli  ia  tadtattoa  of  rtoaes,  vkea  tlief  are  aefc. 

XIm  laiCDlkHi  of  foils  is  either  toiaciriac  ttwe  iastieor  playef  tia 

BBcetOrnpregeaeraUjiiapcovc  ikeeolonr;,  bjgiriagaa  *'**»^«*r*1 

raa  to  tW  tii^e,  vfaetlier  it  be  aatiinl  or  art£cial,  bf  thM,  of  a 
~  of  tbe  saaie  hae,  whadt  the  foil  is  in  this  oaie  sede  to  be. 

Tikere  are  oonseqoeDtly  two  Idods  of  foils  |  tbe  ooe  is  celoaiieii, 
irbcre  tbe  efiect  of  giviog  lustre  or  phj  u»  tbe  stoae  it  predaced  bj 
tbe  polifth  of  tbe  sorfacej  vhi^  nukes  it  act  as  a  aiirror*  aad^  bf 
reflecting  tbe  iigbt,  prevents  that  deadness  irbkb  attends  tbe  baTiaga 
daUer  ground  oAder  the  stone^  and  brings  it«  by  tlie  dooble  refractioB 
of  tbe  iigbt  tbat  is  caused,  nearer  to  tbe  effect  of  tbe  diaiaoDd.  The 
is  eoloared  irith  some  pigmeot  or  st^in  of  tbe  sane  bae  as  the 
Motm,  or  of  soae  other  which  is  intended  to  modify  and  C^aafe  tbe 
bae  of  ibe  tlooe  in  sooie  degree  -,  asj  where  a  jellow  foil  may  be  pot 
voder  green,  whidi  is  too  niidi  indiaing  totheliloe,  or  ander  Gnmaak, 
where  it  is  desired  to  hare  the  appearance  more  orange  or  tcarlet. 

Foils  may  be  made  of  copper  or  tin  |  and  silver  has  been  sohm- 
lines  used,  with  whidi  it  has  been  adrised,  for  some  purposes*  to 
mix  gold,  bot  tbe  expense  of  either  is  needless,  as  copper  oiay  be 
made  to  answer  tbe  same  end. 

To  prepare  Copper  for  Foils. — Where  coloored  foils  are  wanted, 
copper  may  therefore  be  best  used,  and  may  be  prepared  for  the 
porpoae  by  the  follonring  means. 

Take  copper  plates  beaten  to  a  proper  thickness,  and  past  tbCB 
betwixt  a  pair  of  fine  steel  rollers  very  close  tet,  and  draw  them  at 
thin  as  is  po&stble  to  retain  a  proper  tenacity.  Polish  them  with  Teir 
fine  wbitijigj  or  rotten-stone,  till  they  shine,  and  have  as  ma^ 
brigbtuess  as  can  be  given  them,  and  they  will  then  be  ht  to  reodve 
the  coloar. 

TV  tpJkUem  Foi/x,— \^^herc  the  yellow,  or  rather  orange-coloar  of 
the  gronnd  would  l>e  injurions  to  the  effect,  as  in  tbe  case  of  por- 
ples,  or  crimson  red,  the  foils  should  be  whitened,  which  may  be 
done  by  the  following  manner. 

Take  a  small  quaotttyof  silrer,  and  dissolve  it  in  of  aa'/or^tf,  and 
then  put  bits  of  copper  into  the  solotion,  and  precipitate  the  nlver } 
which  l>ei ug  done,  the  fluid  must  be  poured  off,  and  fresh  water 
added  to  it,  to  wai^hawaT  all  the  remainder  of  tbe  hnt  fioid  ;  alter 
which  the  sUver  must  be  dried,  an  eqaal  weight  of  creaai  of  tartar  and 
eomraon  salt  most  then  be  gronnd  with  it,  till  the  whole  is  reduced  to 
»  fs^  foie  powder  -,  and  with  this  mixture  the  foils,  being  first  slight^ 
1y  motstened,  moi^  be  rubbed  by  the  finger,  or  a  bit  of  linen  lag, 
^1  they  be  of  tbe  degree  of  whiteness  desired  ;  after  which,  if  it 
ipuMT  to  be  wanted,  the  polish  muiit  bo  refreshed. 

11m  tiii«foilfl  are  only  used  in  the  case  of  oofoorfots 
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quicksilver  is  employed ;  and  they  may  be  drawn  out  by  the  saiue 
rollers,  but  oeed  not  be  farther  polbbed,  so  thdt  effect  is  produced 
by  other  means  in  lhi:»  case. 

Foils  for  cry  stats^  pebtiics,  or  pastf,  to  give  the  lutlre  and  plau  of 
diam\inas,—l^i\^  manner  of  preparing  foila,  so  as  to  give  colourless 
Btonea  the  greatest  degree  of  piny  and  lustre,  is  by  rai^iug  »o  high 
polish  or  snioothtiess  on  the  Burfacc,  as  to  give  them  the  effect  of 
mirror,  whidi  can  only  be  done,  in  a  perfect  manner,  by  the  use 
Quicksilver,  applied  in  tlie  same  general  way  as  in  the  case   of  lool 
ing-glass.  The  method  by  w  hich  it  may  be  best  performed  is  as  followi 
Take  leaves  of  tin,  prepared   in  the  same  manner  as  for  silverii 
looking-glasses,  and  cut  them    Into  small   pieces  of  such   size  as 
cover  the  surface  of  the  sockets  of  the  sloncs  that  are  to  be  set. 
tliree  of  these  then,  one  upon  another,  and  having  moistened  the 
Hide  of  the  socket  with  thin  gnm-wiiter»  and  suffered   it  to  bccoi 
Ih^aio   so    dry,  that  only  a  stight  stickiuess  rcmaius,    put  the  tbi 
^eces  of  leaver,  lying  on  ewch  other,  into  it,  and  adapt  them  to  t 
SDrface  in  as  even  a  maoncr  as  possible.   When  this  is  done,  heat  tl 
iocket,  and  fill  iUuith  warm  cjiiicksiUer,  which  must  be  suffered 
continue  in   it  three  or  four  minutes,  and  then   gently  poured  oi 
The  stone  must  then  be  thrubt   into  the  socket,  and  closed  with 
care  ha\nng  been  taken    to  give  suth  room   for  it  that  it  may  ent 
without  stripping  off  the  tin  and  quiek&ihcr  from   iiny    part  of 
lorface.     The  work   should  be  well   ctoscd  round  the  stone,   to  pi 
Tent  the  tin  and  qutcksihcr  contained  in  the  socket  from  being  shakl 
out  by  any  violence. 

The  lustre  of  stones  »et  in  this  manner,  will  continue  looger  th 
vhea  they  are  set   in  the  common  way,  as  the  cavity   round    thi 
•|)eing  filled,  there  will  be  no  i>aB8agc  found  for  moisture,  which 
Injurious  to  the  we»r  of  stones  treated  in  any  other  way. 

Tliis  kind  of  foil  likewise  givcH  tiome  lustre  to  glass  or  other  tram 
>arent  matter,  which  has  little  of  itself;  but  to  stones  or  pas^tc 
'kat  have  some  share  of  play,  it  gives  a  most  beautiful  brilliance. 

To  colour  Fojis, — Two  methods  have   been  invente<l  for  cobjurii 
>ils  :  the  one  by  tinging  the  surface  of  the  copper  of  the  colour 
Ijnircd  by  means  of  smoke,  the  other  by  staining  or  painting  it  wil 
some  pigment  or  other  colouring  substance. 

Tlie  colours  used  for  painting  foils  may  be  tempered  with   eitl 
oil,  water   rendered   doly    viscid  by  gum-arabic,  size,   or    varuij 
Where  deep  colours   are  wanted,  oil    is  most   proper,  because   soi 
pigments  become  wholly  transparent  in  it,  as  lake,  or  Prussian  blue^ 
the  yellow  and  green  may  be  better  laid  on   in  varnish,  as   these 
loors  may  be  had  in  perfection  from  a  tinge  wholly  dissolved  in  spii 
M  wine,  m  the  same  manner  as  in  the  ca^e  of  lacquers  ^  and  the 
[•beautiful  green  is  to  be  produced  by  distilled  verdigris,  which  is 
'to  lose  its  colour  and  turn  black  with  oil.     In  common  cases,  hoi 
'*Ter,  any  of  the  colours  may  be,  with  the  least  trouble,   laid  on  wit 
isinglass  ^izc,  in   the  same   manner   as   the  glazing  colours  used 
tniniature  Daintiiig, 


TO 


Ruiy^C^kmn,—^^  rH.^vWre  the  nl»  k  to  be  iatetoi.  ftHrti 
Ee  Mcd  im  iiJeriyw  siw,  farwjpc,  ac  Aeffl-lic  iMiiiifc,i»tofceq^> 


like 

ployed*  if  tbe  1^  er  pnte  be  of  ft  Ml 
DBfplei  iMtifitegiBSi  iKlbetoAeaaffleC^er 
Ue  (cktf  it,  Mt  pevfile)  aay  be 

GenKtf  Aetf.— For  fbe  gmet  rai»  dngoe's 
lac  TBreidi  Ba^  be  esed  ;  nd  lee  tbeviMfvgwMI,  the 
teapend  vHh  slieil4ec  Ttfiitb,  wffl  be 

^fsctf^^f/.— Fer  the  eaeibpt,  Uke,  villi  a  UtlJe 
need  witb  oil,  end  mj  Ibinly  sprtad  oo  the  Ib0«  will 


kBime. — ^Forblse,  where  ft  deep  colov,  or  the  efect  of  the 
nmted^  Plntteiftii  Uae,  thai  It  net  lee  deep,  shovU  beee^jii  oil, 
a  it  ehfiald  be  spread  Bore  er  len  thiftiy  Oft  the  IbiI 
i  %htiie«  or  deepness  of  the  coloiir  fe<|Qired. 
Eopte  Marine. — ^For  the  eagle  ■■raie»  coaaoft  leid^giia, 
little  rrnssian  blae«  tempered  in  thdl-lac  ramUh. 

y'ellow.—Wbien  a  fall  yellow  It  desired*  the  UtH  bsj  be 
with  a  yellow  laoper,  laid  oo  as  for  other  psrptnet }  and  far  Iha 
•^ghtef  coloor  of  topazes,  the  bimish  and  foil  iUelf  will  be  taftriefttly 
tfi^ng  withoot  BOT  aulditioo. 

V  Grrrx.— For  green,  wbere  a  deep  hoe  it  reqnired.  the  cryatak  of 

Brdigris,  tirmpereci  io  shell -lac  ramiah*  shooM  be  vsed,  b«t  when 

^B  emerald  is  to  be  imitated,  a  UtUe  yellow  laoqoer  shovkl  be  added, 

Bl  brif^  the  coloor  to  a  truer  greeo,  and  less  Tcrnc  to  the  bl«e. 

Oth^  colours. — The  stones   of  more  dilated  oolaWt  soch  as  the 

amethyst,  topaz^  Tioegar-fanieC,    and  eagk-mviaev  may   be  rrry 

^^eaply  imitated  by  traotparent  white  glass  or  patle»  ereo  withoat 

Bil»«    This  is  to  be  done,  by  tempering  the  coJonrt  abore  eaame* 

rated  with  turpentine  and  mastic,  and  paintiag  the  socket  in  which 

the  coanterfeit  stone  is  to  be  set  with  the  mixtore^  the  aockei  and 

stone  it&elf  being  previously  heated.    In  this  case,  bowerer,  the  aUwe 

shoold  be  immediately  set,  and  the  socket  dosed  upon  it  befare  the 

mixture  cools  and  grows   hard.     Hie   orange-Uke  abore*mcitCkMied 

was  inreoted  for  this  purpose,  in  which  it  has  a  beautiful  efioct,  aad 

iMs  used  with  great  success  by  a  considerable  manufaciurtr.    l*he 

Bloor  it  produces  ts  that  of  the  vinegar-garoet,  which  it  affords  with 

^■eat  brightness.  The  colours  before  dir^ted  to  be  used  in  oil  should 

^ft  extremely  well  ground    in  oil  of  tor[»eotine,  and  tempered  with 

Hh  not  or  poppy-oil  j  or,  if  time  cud  be  gt'ren  for  their  drying,  with 

^roog  fat  oil ;  dilut^  with  spirit  of  turpentine,  which  will  gala  ft 

fine  polish  of  itself. 

The  colours  used  in  Tamtsh  should  be  likewise  thoroughly  well 
>und  and  roixt  -,  and  io  the  case  of  the  dragon's  blood  In  the  seed- 
varnish  and  the  lacquer,  the  foils  should  be  warmed  before  they 
laid  out.  All  the  mixtures  should  be  laid  on  the  foils  with  a  brpti 
brush,  which  mufit  be  pasted  from  one  end  to  the  other,  and  no 
""     lid  be  crossed^  or  twice  gone  overi  or^  at  leasij  not  till  tha 
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first  coat  cah  be  dry  ;  when, 
a  flOCOfid  coat  may  be  given. 
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if  the  colonr  do  oot  lie  strong  eo( 


GILDING,  SILVERING,  AND  TINNING. 

Gold  powder  fir  Gitdhg, — Gold  pouder  may  be  prepared  m 
different  ways  : — 1st,  pat  into  au  earthen  mortar  some  gold-lc 
with  a  little  liooey,  or  thick  pnm- water,  and  grind  the  mixture 
the  gold  is  reduced  to  extremely  minute  particles.  When  this 
done,  a  little  warm  water  wilt  wash  out  the  honey  or  gom,  leavi 
the  gold  behind  in  a  puJveroIeut  state » 

2nd.— Dissolve  pure  gold  (or  the  leaf),  in  nitro-muriatic  acn 
and  then  to  precipitate  it  by  a  piece  of  copper,  or  by  a  solution 
sulphate  ot'  Iron,  The  precipitate  (if  by  copper,)  must  be  digest 
in  distilled  vinegar,  and  then  washed,  (by  pooriDg  water  over  it 
peatedly,)  and  dried.  This  precipitate  will  be  in  the  form  of  a  ?e; 
line  powder  :  it  works  better,  and  is  more  easily  barnishcd  than  gol 
leaf  ground  with  honey  as  above. 

And  3d,  or  the  best  method  of  preparing  gold  powder,  is  by  beati 
a  prepared  amalgam  of  gold,  in  an  open  clean  crucible^  and  con 
iiuingthe  strong  heat  until  the  whole  of  the  mercury  is  evaporated^ 
at  the  same  time  constantly  stirring  the  amalgam  with  a  glass  r 
When  the  mercury  has  completely  left  the  gold,  the  remaiuiog  po 
der  is  to  be  groand  in  a  Wcdgewood's  mortar,  with  a  little  water, 
afterwards  dried.     It  is  then  fit  for  use. 

Although  the  last  mode  of  operating  haa  been  here  gii'cn,  the  o^ 
rator  cannot  be  too  mnch  reminded  of  the  danger  attending  the  sub* 
.limatton  of  mcrcary.  In  the  small  way  here  described,  it  is  impos- 
isible  to  operate  withoot  danger  j  it  is  therefore  better  to  prepare  it 
facxording  to  the  former  directions,  than  to  risk  the  health  by  tlie 
latter. 

To  cover  Bars  of  Copper,  S(c,  with  Gold,  so  as  to  he  rolled  out 
Sheets, — Tliis  method  of  gilding  was  inTented  by  Mr.  TtirnCfj 
Birmingham.  Mr.  Turner  first  prepares  ingots  or  pieces  of  cop| 
or  brass,  in  convenient  lengths  and  sizes.  He  then  cleans  th 
from  impurity,  and  makes  their  surfaces  level,  and  prepares  plates  of 
pure  gold,  or  gold  mixed  with  a  portion  of  alloy,  of  the  same  size  as 
the  ingots  of  metal,  and  of  suitable  ihttkness.  Having  placed  a 
I  piece  of  gold  upon  an  ingot  intended  to  be  plated,  he  hammers  and 
^compresses  thcra  both  together,  so  that  they  may  have  their  enrfaces 
»as  nearly  equal  to  each  other  as  possible  j  and  then  binds  them  to» 
^gether  with  wire,  in  order  to  keep  them  in  the  same  position  during 
Ihe  process  required  to  attach  them.  Afterwards  he  takes  silv 
filings,  which  he  mixes  with  borax,  to  assist  the  fusion  of  the  silv 
This  mixture  he  lays  upon  the  edge  of  tlie  plate  of  gold,  and  ncacl 
the  ingot  of  metal.  Having  thus  prepared  the  two  bodies,  he  pla 
them  on  a  fire  in  a  stove  or  furnace,  where  they  remain  until  the  silver 
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and  borax  placed  ali^ng  the  edges  of  the  metals  melt,  aad  until  the 
adhesion  of  the  gold  xvitli  the  metal  in  perfect.  He  then  takes  the 
ingot  carefully  out  of  the  stove.     By  this  process  the  ingot  is  plated 

tilh  gold,  and  prepared  ready  for  rolling  Into  s>heet8. 
To  Gild  in  Colours, — The  principal  colours  of  gold  for  gilding  are 
d,  green,  and  yellow.  These  should  be  kept  in  diflferent  aiual- 
gams.  The  part  which  is  to  reioaia  of  lite  first  colour,  h  to  be  stop* 
ped  off  with  a  composition  of  chalk  and  glue  j  the  variety  required 
i.s  produced  by  gilding  the  unstopped  parts  with  the  proper  amaJgam, 

C cording  to  the  usual  mode  of  gilding. 
Sometimes  the  amalgam  is  applied  to  the  surface  to  be  gilt,  with* 
t  any  qnicking.  by  spreading  it  ivith  aqua-fortis  j  but  ihi:}  depends 
OD  the  same  principle  as  a  previous  quicking. 

Grecian  (Jj/t/iw^.— Equa!  pans  of  sal-aniinoniac  and  corrosive  sub- 
IlHaate,  are  dissolved  h\  spirit  of  nitre,  and  a  solution  of  gold  made 
with  this  menstruum.  The  silver  is  brushed  over  with  it,  which  ia 
turoed  black,  but  on  exposure  to  a  red  heat  It  assumes  the  colour  of 
^d. 

K  To  dissolve  Gold  in  ^qua-Regia  .'•^Tako  an  aqua'^regia,  composed 
W  two  parts  of  nitrous  acid,  and  one  of  marine  acid  j  or  of  one 
part  of  sal-ammoniac,  and  four  pnrts  of  aqua-fortis  j  let  the  gold  be 
grsjiillated,  put  Into  a  sudicient  quantity  of  this  menstruum,  and  ex- 
posed to  a  moderate  degree  of  heat.  During  the  solution^  an  effer- 
vescence takes  pliice,  aad  it  acquires  a  beautiful  yellow  colour,  which 
becomes  more  and  more  intense,  till  it  has  a  golden  or  even  orange 
colour.  Wlien  the  menstrunm  is  saturated,  it  is  very  clear  and  trans- 
parent 

m  To  gild  Iron  or  Steel  icilh  a  solution  of  Cold. — Make  a  solution  of 
Bounces  of  nitre  and  common  salt,  with  5  ounces  of  crude  alum  in  a 
%£^ent  quantity  of  water  ;  dissolve  half  an  ounce  of  gold  thinly 
plated  and  cut  ;  and  afterwards  evaporate  to  dryness.  Digest  the 
residaum  in  rcctiEed  spirit  of  wine  or  oettier,  which  will  perfectly  ab- 
stract the  gold.  The  iron  is  brushed  over  with  this  aohition  and  be- 
kes  immediately  gilt. 

To  did,  by  dissolving  Gold  in  ytqua^Begin, — Fine  linen  rags  ore 

'Led  in  a  saturated   solution  of  gold  in  aqua-rcgia»  gently  dried, 

afterwards  burnt  to  tinder,     The  substance  to  be  gilt  must  be  well 

lished  i  a  piece  of  cork  is  hrst  dipped  into  a  solution  of  conimoa 
salt  in  water,  and  afterwards  into  the  tinder,  which  is  well  robbed  on 

fe  surface  of  the   metal  to  be  gilt,  and  the  gold  appears   in   all  its 
itaJIic  lustre. 
Amalgam  of  Gold  in  the  large  way. — A  quantity  of  quicksilver  ia 
t  into  a  croctblc  or  iron  ladle,  which  is   lined  with  ctay,  aud  ex> 
tioaed  to  heat  till  it  begins  to  smoke.     The  gold  to  be  mixed  should 
ue  previously  granulated,  and  heated  red  hot,  when  it    should    be 
to  the  quicksilver,  and  stirred  about  with  an  iron  rod  till  it  is 
ly   dissolved.     If  there  should  be  any  superflous  mercury,  it 
be  Aepurated  by  passing  it  through  clean  soJx  leather ;  and  tbo 
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remainio^  ainuli^flm  will  hare  the  consistence  ot  baiter,  aod  C0Dtai&_ 
nbout  3  parts  of  mercury  to  1  of  gold. 

To  Giid  htj  Amalgamation, — 'TLe  metal  to  be  gilt  is  prcvic 
well  cleaned  ou  its  surface,  by  boilvBg  in  a  weak  pickle,  wbich 
▼ery  dilute  Ditroua  acid.  A  quantity  of  aqua-fortis  is  poured  into 
earthen  i-^esselj  and  quicksilver  put  tlierem  j  ubea  a  sufficient 
tity  of  mercury  is  dissolvcdj  the  articles  to  be  gilt  are  put  into 
RolQtion,  and  stirred  about  with  a  brush  till  tliey  become  white. 
is  called  quicking.  But»  as  during  quicking  by  thiii  mode,  a  doxu 
vapour  coatioually  arises,  wbich  proves  very  injurious  to  ihe  heal 
of  the  workmen,  they  have  adopted  another  method,  by  wbich  th< 
in  a  great  measure,  avoid  tliat  danger.  They  now  dissolve  the  qui 
silver  in  a  bottle  containing  aqua- fortis,  aud  leave  It  in  the  open 
during  the  solution,  so  that  the  noxious  vapour  escapes  into  the 
Tbeo  a  little  of  this  solution  is  poured  into  a  bason,  and  with  a  bru^ 
dipped  therein,  they  stroke  over  the  surface  of  the  metal  to  he  gil 
which  immediately  becomes  quicked.  The  amalgam  is  now  applied  ~ 
^.one  of  the  following  methods  : — 

1  St.  By  proportioning  it  to  the  quantity  of  articles  to  be  gilt, 
putting  them  into  a  white  hat  together,  working  them  abontwithl 
iioft  brushy  till  the  amalgauj  is  uniformly  spread. 

Or,  2(11  y.  By  applying  a  portion  of  the  amalgam  upon  one  pal 
and  spreading  it  on  the  surface,  if  flat^  by  working  it  about  with 
harder  brush. 

The  work  thus  managed  is  put  into  a  pan,  and  exposed  to  a  gent 
d^ree  of  heat  ;  when  it  becomes  hot,  it  is  frequently  put  into  a  hi 
and  worked  about  with  a  painter's  large  brush,  to  prevent  an  in 
dissipation  of  the    mercury,  till,  at  last>  the  quicksilver  is   coti 
dissipated  by  a  repetition  of  the  heat,  and  the  gold  la  attached  to 
.surface  of  the   metaL     This  gilt   surface   is   well  cleaned  by  a  wi 
brusli,  and   then  artists  heighten  tlic  colour  of  the  gold  by  the 
plication  of  various  compositions  ;  this  part  of  the  process  is  Calh 

COLOUBING. 

To  giid  Glass  and  Porcelain,  No»  I. ^Drinking,  and  other  glas 
«f€  sometimes  gilt  on  their  edges.  This  is  done,  either  by  an  adb 
give  varnish  or  by  heat.  The  varnish  is  prepared  by  dissolving 
boiled  linseed  oil  an  equal  weight  either  of  copal  or  auiber,  TTiis 
to  be  diluted  by  a  proper  qunntity  of  oil  of  turpentine,  so  as  to  he  ai 
ptied  as  thin  as  possible  to  the  parts  of  the  gluss  intended  to  be  gil 
When  this  is  done,  which  will  be  in  about  twenty-four  hours,  tl 
glass  is  to  be  placed  in  a  stove,  till  it  is  so  warm  as  almost  to  bm 
Ihe  fingers  when  handled .     At  this  temperature,  the    varnish    wi 

^become  adhesive,  and  a  piece  of  leaf  goti^,  applied  in  the  usual  w; 

(Will  immediately  stick.  Sweep  off  the  superfloua  portions  of  the  Ics 
and  when  quite  cold,  it  may  be  burnished,  tuking  care  lo  interpoi 
a  piece  of  very  thin  paper  (lodtu  paper)  between  the  gold  and  tl 
burnisher.     If  the  varnish  is  very  good^  this  is  the  best  method 

,  gilding  glass,  as  the  gold  is  thus  fi\ed  on  more  evenly  than  in  an^ 
other  way. 


APPENDIX.  791 

fo.  2- — II  often  happens^  wUcd  the  varnish  is  but  iodiffereDt,  that 
by  repeated  washing  the  gold  wears  off ;  on  this  account  the  prac* 
lice  of  burning  it  iti  is  sometimes  bad  recourse  to. 

For  this  purpose,  some  gold  poH'iJcr  U  ground  with  borax.  And  in 
thin  state  apptivd  to  the  clean  surface  of  the  glass,  by  a  camurs  biir 
pencil  j  when  quite  dry,  the  glass  is  put  iuto  a  stove  heated  to  about 
tli«  tempera  tare  of  an  anneuling  oven  ;  ihe  gum  bonis  off,  and  the 
boraic«  by  vitrifying,  cements  the  gold  uith  great  firmness  to  the 
glass  ;  after  which  it  may  be  burnished.  The  gilding  u{x»n  porcelaio 
la  ID  like  manner  hxed  by  heat  and  tUe  use  of  borax  ^  and  this  kind 
of  ware  being  neither  transparent  nor  liable  to  soften,  and  thus  to  bo 
lojored  in  its  form  In  a  low  red  heat,  is  free  from  the  r'lhk  and  injury 
whicli  the  6ner  and  more  fusible  kinds  of  glass  are  apt  to  sustain 
from  sucb  treatment.  Porcelain  and  other  wares  may  be  platinised, 
slivered,  tiriued,  and  bionzed,  in  a  similar  manner, 

7b  Gild  LeulkcT.^^iu.  order  to  impress  gilt  ftgnres,  letters,  and 
other  marks  upon  leather,  as  on  the  covers  of  books,  edgings  for 
doors,  &c.  the  leatltcr  must  hrst  be  dusted  over  with  very  finely 
powdered  yellow  resin,  ur  masticb  gum.  The  iron  tooU  or  stamps 
lire  now  arranged  on  a  radc  before  a  dear  hre,  so  as  to  be  weU  heated, 
without  becoming  red  hot.  If  the  tools  are /f//er5j  they  have  an  al- 
phabetical arrangement  on  the  rack.  £ach  letter  or  stamp  must  be 
tried  as  to  its  heat,  by  imprinting  its  mark  on  the  raw  side  of  a 
piece  of  waste  leather,  A  little  practice  will  enable  the  workman  to 
judge  of  the  heat.  The  tool  is  now  to  be  pressed  downwards  on  the 
gold  leaf  j  which  will  of  course  be  indented,  and  shew  the  hgure  im-^ 
printed  on  it.  The  next  letter  or  stamp  is  now  to  be  taken  and 
stamped  in  like  maimer  and  so  on  with  the  others  ^  taking  care  to 
keep  the  letters  in  an  even  line  with  each  other,  like  those  in  a  book. 
By  this  operation  the  resin  is  melted ;  consequently  the  gohl  ad- 
heres to  the  leather  :  the  snperduous  gold  may  then  be  rubt^d  off  by 
a  cloth  ;  the  gilded  impressions  remaining  on  the  leather.  In  this^  as 
in  every  other  operation,  adroitness  is  acquired  by  practice^ 

The  cloth  alloded  to  should  be  slightly  greasy*  to  retain  the  gold 
wiped  off;  (otherwise  there  will  be  a  great  waste  in  a  few  months>) 
the  eloth  will  thus  be  soon  completely  saturated  or  loaded  with  the  gold. 
When  this  is  the  case,  these  cloths  are  generally  sold  to  the  refiners, 
who  burn  them  and  recover  the  gold.  Some  of  these  afford  so  much  gold 
by  burning,  as  to  be  worth  from  a  guinea  to  a  guinea  and  a  half. 

To  Gild  WHttnes,  Drawings,  Sfc.  on  Paper  or  Parchment. — Let' 
tcrs  written  on  vellum  or  paper  are  gilded  in  three  ways  :  in  the  first, 
a  little  size  is  mixed  with  the  ink,  and  the  letters  are  written  as 
usual :  when  they  are  dry,  a  slight  degree  of  stickiness  is  produced 
by  breathing  on  them,  opoa  which  the  gold  leaf  is  immediately  ap« 
piied^  and  by  a  little  pressure  may  be  made  to  adhere  with  suffieiecit 
nrmuess.  In  the  second  method,  some  white  lead  or  chalk  is  ground 
op  with  strong  size,  and  the  letters  are  made  with  this  by  means  of 
a  brush  ;  when  the  mixture  U  ahuost  dry,  the  gold  leaf  may  be  laid 
oo»  aad  afterwards  bainklmt    The  last  method  is  to  mix  un  somA 
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go)d  powder  witb  iixe,  and  to  form  tbe  letters  of  this  by  means  iof  a 

brusti.     it  is  imppoiicd  tliat  this   latter  inetUod  \ras  that  naed  by  ikb 
monks  in  illKDUuatiog  their  inissatsj  psaltere,  and  rubrics. 

To  Gild  the  ed^es  of  Pa/>^r.— The  edgea  of  the  leaves  of  books  and 
lelter  paper  are  gilded  whilst  in   a  honzontal  position  iy  the   book- 
binder's press,  by   first  applying  n  cosnpositioQ  formed  of   four  parttj 
of  Armciiian  l>olc>  and  one  of  candied  sugar,  groond    togellier  ^illij 
wiUer  to  a  proper  consistence,  and  laid  on  by  a  brush  with  the  whit 
of  au  eg^r.     Thiscoutiog,  when  nearly  dry,  is  smoothed  by  the  bor-j 
nisher  j  which  is  gcDcrally  a  crooked    piece  of  agate,  very  smoolbJ 
and  fixed  in  a  handle.     It  is  then  slightly  moistened  by  a  aponge  dij 
ped  in  clean  water,  and  squeezed  in  ttie  hund.     The  gold  leaf  is  noi 
taken  up  on  a  piece  of  cotton,  from  the  leathern  cushion,  and  appli< 
on  the  moistened  surface.  When  dry,  it  is  to  be  burnished  by  rubbii 
the  agate  over  it  repcaterlly  from  end  to  end,  taking  care  not  to  woui 
the  surface  Ijy  the  point  of  the  burnisher.     A  piece  of  silk  or  Indii 
paper  is  usually  interposed  between  the  gold  and  the  burnisher. 

Cotton  wool  is  generally  used  by  bookbinders  to  take  the  leaf 
from  the  cushion  j  being  the  best  adapted  for  the  purpose  oa 
count  of  its  pliability,  smoothness,  softness,  and  slight  moistness. 

To  gild  Sdk,  Satin^  Ivory »  ^c,  iy  Hydrogen  Gas,     No.    1.— Ii 
merse  a  piece  of  white  satin,  silk,  or  ivory  in  a  solution  of  uitro*mi 
riatc  of  gold,  in  the  proportion  of  one  part  of  the  nitro-muriAte 
three  of  distilled  water.     WhiUt  the  substance  to  be  gilded  is  si 
wet,  immerse  it  in  a  jar  of  hydrogen  gas  :  it  will  soon   be  cov< 
by  a  complete  coat  of  gold. 

No.  2.^-The  foregoing  experiment  may  be  very  prettily  and 
▼antageously  varied  aa  follows  : — Paint  flowers  or  other  omameol 
with  a  very  fine  camel  hair  pencil^  dipped  in  the  above>mention4 
solution  of  gold,  on  pieces  of  silk,  satin,  &c.  &c.  &c,  and  hold  th< 
over  a  Florence  flask,  from  which  hydrogen  gas  is  evolved,  during  tl 
decomposition  of  the  water  by  sulphuric  acid  and  iron  filiDga. 
painted  flowers,  &c.  in  a  few  Minutes,  will  shine  with  aM  the  iipU 
4our  of  the  purest  gold*     A  coating  of  this  kind  will  not  tarni^k 
f  txposure  to  the  air,  or  in  washing. 

Oil  gilding  on  U^ood. — The  wood  must  first  be  covered,  or  primed, 
r  two  or  three  coatings  of  boiled  linseed  oil  and  carbonate  of  lead, 
order  to  fill  up  the  pores,  and  conceal  the  irregularities  of  the  sur- 
face, occasioned  by  the  veins  in  the  wuod.  \Vhen  the  priming  is 
^uite  dry,  a  thin  coat  of  gold-size  must  be  laid  on.  This  is  prepared 
by  grinding  together  some  red  oxide  of  lead  with  thethic.ke«t  drying 
X>il  that  can  be  procured,  and  the  older  the  belter,  that  it  may  work 
freely  :  it  is  to  be  mixed,  previously  to  being  used,  with  a  little  oil  of 
itirpentlne,  till  it  is  brought  to  a  proper  consistence.  If  the  goM- 
size  16  good,  it  will  be  su^ciently  dry  in  twelve  hours,  more  or  test, 
to  allow  the  artist  to  proceed  to  the  last  part  of  the  process,  which  is 
the  application  of  the  gold.  For  this  purpose,  a  leaf  of  gold  is  spread 
on  a  cushion  (formed  by  a  few  folds  of  ^annel  secured  on  a  piece  of 
vood.  about  eight  inches  square,  by  a  tight  covering  of  leather),  aad 
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^  cut  into  stripe  of  a  proper  alxe  by  a  blunt  pallet  knife  j  each  strip 
being  then  taken  upon  the  p6int  of  a  fine  brush,  is  applied  to  the 
part  intended  to  be  gilded,  aod  h  then  gcatly  pressed  down  by  a  ball 
of  aoft  coitoD  :  the  gold  immediately  adheres  to  the  sticky  surface 
of  the  fiizc>  and  after  a  few  mioutes,  ttie  dexteroofl  application  of  a 
large  camel's  hair  brush  sweeps  away  the  loose  particles  of  the  gold 
Jeaf  without  dtsturbing  the  rest.  In  a  day  or  ttt^o  the  eize  will  be 
completely  dried,  and  the  operation  will  be  finished. 

The  advantages  of  this  method  of  gilding  are,  that  it  is  Tery  jstmple* 
%'ery  durable,  aud  not  readily  injured  by  changes  of  weather,  even 
when  exposed  to  the  open  air  ;  and  when  soiled  it  may  be  cleaaed  by 
a  little  warm  water  and  a  soft  brush  ;  its  chief  empiayment  is  In  out- 
door work.  U%  disadvantage  is.  that  it  cannot  be  burnished^  and 
tliercfore  wants  the  high  lustre  producer!  by  the  following  method. 
To  Gild  by  burnhhmg, — This   operation   is   chiefly  performed  on 

I  picture  frames,  mouldings,  headings,  and  iBne  stucco  work.  The 
turfaoe  to  be  gilt  must  be  carefully  covered  with  a  strong  size,  made 
by  boiling  down  pieces  of  white  leather,  or  clippings  of  parchment, 
till  they  are  reduced  to  a  stiff  jelly ;  this  coating  being  dried,  eight 
or  ten  more  must  be  applied,  consisting  of  the  same  siie,  milled  with 

» jine  Paris  planter  or  washed  chiilk  f  when  a  suiificient  number  of 
layers  have  been  put  od,  varying  according  to  the  nature  of  the  work« 
und  the  whole  is  become  quite  dry,  a  moderntcly  thick  layer  mu^t  be 
applied^  composed  of  size  and  Armenian  bole,  or  yellow  oxide  of  lead  : 
while  this  loiit  is  yet  moist,  the  gotd  leaf  is  to  be  put  on  in  the  usoal 
manner  j  it  will  immediately  adhere  on  being  pressed  by  the  cotton 
Mi,  and  before  the  size  is  become  perfectly  dry,  those  parts  which 

^K^tended  to  be  the  most  brilliant  are  to  be  carefully  burnished  by 

^Hpgate  or  dog's  tooth  hxed  in  a  handle. 

f     Tn  order  to  save  the  labour  of  burnishing,  it  is  a  common,  but  bad 

[practice,  slightly  to  burnish  the  brilliant  parts,  aad  to  deaden  the 
fctt  by  drawing  a  brush  over  them  dipped  in  size  |  the  required  con* 
Ira&t  between  the  polished  aud  the  unpolished  gold  is  iadeod  thus 
obtained  ;  but  the  general  effect  is  much  inferior  to  that  produced  iq 
ihe  regidar  way,  and  ttie  smallest  drop  of  water  falling  on  the  sized 
part  occasions  a  stain.  This  kind  of  gilding  can  only  be  applied  oo 
la-door  work  i  as  rain,  and  even  a  considerable  degree  of  dampnets^ 
will  occasion  the  gold  to  peel  off.  >\'ben  dirty ,  it  may  be  cleaned  by 
a  soft  brush,  with  hot  spirit  of  wine,  or  oil  of  turpentine. 

To  Gild  Copper,  S(c.  by  Amalgam .— 1  mmerse  a  very  clean  bright  piece 
€>f  copper  in  a  diluted  solution  of  nitruto  of  mercury.  By  the  affinity 
of  copper  for  nitric  aeid,  the  mercury  will  be  precipitated  :  now 
tprcad  the  amalgam  of  gold  rather  thinly  over  the  coat  of  mercury 
just  given  to  the  copper.  This  coat  unites  with  the  amalgam,  but  of 
course  will  remain  on  the  copper.  Now  place  the  piece  or  pieces  so 
Operated  on,  in  a  clean  oven  or  furnace^  where  there  is  no  smoke.  If, 
the  heat  is  a  little  greater  than   66^  the   mercor^'  of  the  amalgwii 

'  wUI  be  tolatilised,  and  the  cop|:>er  will  be  beautifully  gilt. 

In  the  large  way  of  gilding,  the  famaces  are  so  eoatrived  that  tlM 
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'  with  aqoB  foitis,  and  heating 
,  1       ''V^  -  J  when  the  gold  may  be 

-A*  **>**.«*.  ch«d.ljlh. 

*"  /.r^*A      f  ^W  ♦  r^*  -.  ->w  •»  onnccs  of  com- 

^^       M     «i.  jjg  Stone  with  a  mul- 

.abed  over  with  a  soffi- 

a  proper  degree  of  heat. 

' '#  ^^  ty*'*"^         "^  ^i^^  ^^^i  *"*^  dipped  into  weak 

*^  ^W^^%^ ^^^  «fl<foii— Silver  will  not  attach 

**     l^^^W^  %^'V  *'  ®°^y  "**  **^**^  should  be  nsed. 


^/H  jj^^       JV^  alum,  and 

'«\gfM,^^l|qJ^  of  silver^  precipitated  from   the  nitrous 

''i^l,  WjcJ^C  •**  ^y  copper. 

^AJ  %y^  ^te  with  a  little  water.    This  is  to  be  mb- 

'  1^   ^  .  he  silvered  with  a  cork,  &c. 

•^Vg^  A  pvre  silver  in  aqna  fortis,  and  precipitate  the 

^A^  lon  salt}  make  this  precipitate  into  a  paste,  by 

^.  lOre  salt  and  cream  of  tartar.    It  is  applied  as  in  the 

^  Copper  /irgolf.— 'The  principal  difiicnities  in  plating  cop- 

f  are,  to  bring  the  sarfaces  of  the  copper  and  silver  into 

4he  same  time,  and  to  prevent  the  copper  from  scaling ;  for 

iiqxMes  fluxes  are  used.     The  surface  of  the  cop])er  on  which 

^r  IS  to  be  fixed  must  be  made  flat  by  filing,  and  should  be  left 

I.    The  silver  is  first  annealed,  and  aftemards  pickled  in  weak 

It  of  salt ;  it  is  planished,  and  then  scraped  on  the  surfHce  to  be 

led  on  the  copper.      These  prepared  surfaces  are  annointed  with 

.  solution  of  borax,  or  strewed  with  fine  powdered  borax  itself,  and 

then  confined  in  contact  with  each  other,  by  binding  wire.    When 

they  arc  exposed  to  a  sufficient  degree  of  heat,   the  flux  causes  the 

BuriBoes  to  rase  at  the  same  time,  and  after  they  l)ecome  cold,  they 

are  found  firmly  united. 

Copper  may  likewise  be  plated  by  heating  it,  and  burnishing  leaf- 
silver  upon  it }  so  may  iron  and  brass.  This  process  is  called  French 
Plating. 

To  separate  ike  Silver  frtm  Piated  Co^^per.— This  process  is  ap- 
plied to  recover  the  silver  from  the  plated  metal,  which  has  been 
rolled  cRrwn  for  Imttone,  toyi^  &c  without  destroying  any  large  por* 
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volatilised  mercury  is  again  condensed,  and  preaerved  fur  further  m 
ho  that  there  i8  no  loss  in  the  operation.  There  is  also  a  contttv^tii^ej 
by  which  the  volatile  particles  of  mercury  are  prevented  froiu  injurinn 
the  gilders* 

To  Gild  Steei.'-Poar  some  of  the  ethereal  solution  of  gold  into  ti 
wine  glass,  nnd  dip  therein  the  blade  of  a  new  pco-koife,  lancet,  or^ 
razor  ^  withdraw  the  Instrumeut,  and  allow  the  ether  to  evaporate. 
The  blade  will  be  found  to  be  covered  by  a  very  beautiful  coat  ofi 
gold.  A  clean  rag^,  or  small  piece  of  very  dry  sf#onge^  may  [ye  dip[)€(ij 
in  the  ether,  and  used  to  naoisteuihe  blade*  with  the  same  re&ult. 

In  this  case  there  is  no  occasion  to  poor  the  liquid  into  a  glasSf 
which  must  unduubtedly  lose  by  evaporation  ;  but  ibe  rag  or  spongftj 
may  be  inoiBtened  by  it,  by  applying  either  to  the  mouth  of  the  pbial« 
This  coating  of  gold  will  remain  on  the  steel  for  a  great  Irugtfa  ofj 
time,  and  will  preserve  it  from  rusting. 

This  is  the  way  in  which  awordH  and  other  cutlery  are  ornaiuented«< 
Lancets  too  are  in  this  way  gilded  with  great  advantage,  to  secure 
them  from  rust. 

To  heighten  the  colour  of  Yellow  Gold. 
6  oz.  saltpetre, 
2  oz.  copperas. 
1  02,  white  vitriol,  and 
1  oz.  alum. 

If  it  be  wanted   redder,  a  small  portion  of  blue  vitriol  must  lie 
added.     These  are  to  be  welUmixed,  and  dissolved  in  water  us  |h«r| 
colour  is  wanted. 

To  heighten  toe  colour  of  Green  Gold, 
I  oz.  10  dwls.  saltpetre, 
1  oz.  4  dwts  sal  ammoniac» 
1  oz.  4  dwts.  Roman  vitriol,  and 
18  dwts.  verdigris. 
Mix  them  well  together^  aud  dissolve  a  portion  in  water,  as  occt' 
slon  requires. 

The  work  must  be  dipped  in  these  compositions^  applied  to  a  proper 
heat  to  burn  them  off,  and  then  qoencbed  in  water  or  vinegar. 
To  heighten  the  colour  of  Red  Gold* 

To  4  02.  melted  yellow  wax,  add 
1-^  oz«  Fed  ochre  in  doe  powder, 
1  ^  02.  verdigris  calcined  till  it  yield  no  fitmesj  and 
f  oz,  calcined  borax. 
It  is  necessary  to  calcine  the  verdigris,  or  else,  by  the  heat  applied 
in  burning  the  wax,  the  vinegar  becomea  so  concentrated  as  to  cor- 
rode the  surfp.ces,  and  make  it  appear  speckled. 

To  separate  Gold  from  Gill'Copper  and  5ii©er.— Apply  a  solution 
of  borax>  in  water,  to  the  gilt  sorface,  with  a  fine  brush,  and  sprinkle 
over  it  some  fine  powdered  sulphur.  Make  the  piece  red  hot,  and 
quench  it  in  water.  The  gold  may  be  easily  wiped  off  with  a  scratch- 
brush,  and  recovered  by  testing  it  with  lead. 

Gold  is  taken  from  the  surface  of  silver  by  spreading  over  it  a 
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fMst«,  mtMie  of  powdered  aal  ammoniac,  with  aqnii  fortis*  and  heating 
it  till  tho  tnattCT  smokes^  and  is  nearly  dry  ;  when  the  gold  may  be 
acpAmtcd  by  rubbing  it  with  a  scratch- brush. 

To  Silver  by  hleaL    No.  1. — Dissolve  an  ounce  of  pure  silver  in 

[ua  fortis,  and  precipirate  it  with  common  salt ;  to  which  add  [lb, 

aid  ammoniac,  sandiver^  and  whit«  vitriol,  and  ^  02.  of  Fubliffliite. 

Ko.  2— Dissolve  an  ounce  of  pure  silver  in  aqua  fortis  ;  prrci- 
pitnte  it  with  commou  salt,  and  add,  after  washinif,  Connces  of  com- 
mon salt,  3  ounces  each  of  sandiver  and  while  vitriol,  and  ^  ounce 
of  stibliraftte, 

1  liesc  are  to  be  ground  into  a  paste  upon  a  fine  stone  with  a  mtil* 
Icr  ;  the  substance  to  be  silvered  must  be  rubbed  over  with  a  soffi- 
cient  quantity  of  the  pascej  and  exposed  to  a  proper  degree  of  heat. 
Whore  the  silver  runs,  it  is  taken  from  the  fire,  and  dipped  into  weak 
spirit  of  salt  to  clean  it. 

SUvcTing  on  Gilt  IVotk,  hy  Amalgamation— *SiUcT  will  not  attach 
itiitf  to  any  metal  by  amalgamation,  unless  it  be  hrst  gilt.     The  pro- 
ihe  same  as  gilding  in  colours,  only  no  acid  should  be  used. 
'0  Silver   in   the  Cold    Way, 
No,  1.— .2  dr,  tartar, 

2  dr.  common  8alt« 
-1-  dr.  of  alom,  and 

20  grs.  of  silver,  precipitated   from    the  nitrous 
acid  by  copper. 

Make  them  into  a  paste  with  a  little  water.  This  is  to  be  rub* 
bed  on  the  surface  to  be  silvered  with  a  cork,  &c. 

No.  2. — Dissolve  pore  silver  in  aqua  fortis,  and  precipitate  the 
silver  with  common  salt  $  make  this  precipitate  into  a  paste,  by 
adding  a  little  more  salt  and  cream  of  tartar.  It  is  applied  as  in  the 
former  method. 

To  Silver  Copper  /irgo/*.— The  principal  difficulties  in  plating  cop- 
per ingots  are,  to  bring  the  surfaces  of  the  copper  and  silver  into 
fusion  at  the  same  time,  and  to  prevent  the  copper  from  scaling  ;  for 
whith  piirj»osc8  fluxes  are  osed.  The  surface  of  the  cop|>er  on  which 
the  silver  is  to  be  fixed  must  be  made  fiat  by  hiing,  and  »*hou|i|  be  left 
rough,  The  silver  is  first  annealed,  and  afterv^ards  pickled  in  weak 
spirit  of  salt ;  it  is  planished,  and  then  scraped  on  the  surf^ice  to  be 
fitted  on  the  copper.  These  prepared  surfaces  are  annotated  with 
a  solution  of  borax,  or  strewed  with  fine  powdered  borax  itself,  and 
then  confined  in  contact  with  each  other,  by  binding  wire^  \Vhcn 
they  are  exposed  to  a  sufficient  degree  of  heat,  the  dux  canses  the 
aariaees  to  fuse  at  the  same  time,  and  after  they  become  cold,  they 
are  found  firmly  united. 

Copper  may  likewise  be  plated  by  heating  it,  and  borolshiog  leaf- 
silver  u]wn  it ;  so  may  iron  and  brass.  This  process  is  called  Fekncr 

Pl>ATJ3«C* 

To  separate  the  Silver  from  Plated  Copper,— 'This  process  is  ap» 
pliefl  to  recover  the  silver  from  the  plated  metal,  which  has  been 
roiled  i^n  for  buttons^  toya,  &c.  without  destroying  any  large  por- 
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tion  of  the  copper.    For  this  purpose,  a  menstruiim  is  composed  of 

3  poands  of  oil  of  vitriol,  li-  ouoce  of  Eitre,  and  a  pound  of  water. 
The  plated  metal  is  boiled  in  it,  till  the  silver  is  dissolved,  and  then 
the  silrer  is  recovered  by  throwing  coniraon  salt  into  the  solution. 

To  Plate  Iron. — Iron  may  be  plated  by  three  different  modes. 

tst.  By  polishing  the  surface  ver)'  clean  and  level  with  a  bamisher ; 
and  afterwards  by  exposing  it  to  a  blueing  heat^  a  le:if  of  silver  is 
properly  placed  and  carefnlly  burnished  down.  This  is  repeated  till 
a  sufficient  number  ef  leave's  is  applied,  to  give  the  silver  a  proper 
body* 

2d.  By  the  nsc  of  a  solder  j  slipt  of  thin  solder  are  placed  between 
the  iron  and  silver,  with  a  little  flux,  and  secured  together  by  t>ind- 
ing'wire.  It  is  then  placed  in  a  clear  fire,  and  continocd  in  it  till  the 
solder  melts ;  when  it  is  taken  out^  and  on  cooling  is  foond  to  ad- 
here firmly. 

And  3d.  By  tinning  the  iron  first,  and  uniting  the  silver  by  the  in* 
termedia  of  slips  of  rolled  tin^  brought  into  fusion  in  a  gentle  heat. 

To  tin  Copper  and  Bra§s,' — Boil  aix  pounds  of  cream  of  tartar,  four 
gallons  of  water,  and  eight  pounds  of  grain  tin,  or  tin  shavingi. 
After  the  materials  have  boiled  a  sufficient  time,  the  substance  to  be 
tinned  is  put  tbereirij  and  the  boiling  continued,  when  the  tin  is  pre- 
cipitated in  its  metallic  form. 

To  tin  Iron  and  Copper  Vessels. — Iron  which  is  to  be  tinned,  mast 
bo  previously  steeped  in  acid  materials^  such  as  sour  H'hey,  distillers* 
wash,  &c. ;  then  scoured  and  dipped  in  melted  tin,  having  been  first 
robbed  over  with  a  solution  of  sal  ammoniac.  The  surface  of  the  tin 
is  prevented  from  calcining,  by  covering  it  with  a  coat  of  fat.  Cop- 
per vessels  must  be  well  cleansed  ;  and  then  a  sufficient  quantity  of 
tin  with  sal  ammoniac  is  put  therein »  and  brought  into  fusion,  and  the 
copper  vessel  moved  about.  A  little  resin  is  sometimes  added.  The 
sal  ammoniac  prevents  the  copper  from  scaling,  and  causes  the  tin  to 
be  fixed  wherever  it  touches.  Lately,  zinc  has  been  proposed  for 
lining  vessels  instead  of  tin,  to  avoid  the  ill  consequences  which  have 
been  unjustly  apprehended. 

7*0  prepare  the  Siiver  Tree.— Pour  into  a  glass  globe  or  decanter, 

4  drachms  of  nitrate  of  silver,  dissolved  in  a  pound  or  more  of  dis- 
tilled water,  and  lay  the  vessel  on  the  chimney  piece,  or  in  some 
place  where  it  may  not  be  disturbed.  Now  |>our  in  4  drachms  of 
mercury.  In  a  short  time  the  silver  will  be  precipitated  in  dio  most 
beautiful  arborescent  form,  resembling  real  vegetation.  Thia  hae  been 
generally  termed  the  Arbor  Dianae. 

To  prepare  ike  Tin  Tree. — Into  the  same  or  a  similar  vessel  to  that 
used  in  the  last  experiment,  pour  distilled  \vater  as  before,  and  put  in 
3  drachms  of  muriate  of  tin,  adding  10  drops  of  nitric  acid,  and  shake 
the  vessel  until  the  salt  be  completely  dissolved.  Replace  the  xinc 
(which  must  be  cleared  from  the  effect:*  of  the  former  experiment,)  as 
before,  and  set  the  whole  aside  to  precipitate  without  disturbance. 
In  a  few  hours,  the  effect  will  be  similar  to  the  last,  only  that  the  tree 
,  of  tin  will  have  more  lustre*     In  these  experiffientij  it  is  surprising 
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to  •bserfc  the  laiii'inA  thoot  out  aa  it  were  from  nothing  ;  but  tliit 
pbenomenoo  secioK  to  proceed  froiQ  «  galvanic  action  of  tbe  metalB 
am)  tht*  ti'Htcr. 

To  prepare  the  Lead  T'rrp.— Put  ^  an  ounce  of  the  bujyer-acclMtc  of 
lead  in  poivdcr,  into  a  clear  glass  globe  or  wine  decanter,  filled  to  Ihc 
bottom  of  the  neck  M-itli  distilled  water,  and  10  drops  of  nitric  acid, 
jiud  shake  the  mivturc  vielL  Prepare  a  rod  of  zinc  with  a  hammer 
and  file,  bo  that  it  may  be  a  quarter  of  an  inch  thick  and  1  inch  long  3  at 
the  ttame  time  form  notches  in  each  side  for  a  thread,  by  which  it  is  to 
be  anspendcd,and  tie  the  thread  so  that  the  knot  shall  be  uppenoast* 
when  the  metal  hanga  quite  perpendicular.  When  it  is  tied,  pas*  Ihc 
two  ends  of  the  thread  through  a  perforation  in  the  cork,  and  let  Ihcm 
be  again  tied  over  a  small  t:pHnter  of  wood  which  may  pass  between 
them  and  the  cork.  When  tbe  string  is  tried,  let  the  length  between 
tbe  cork  nod  the  zinc  be  such  that  the  precipitant  (the  zinc]  miiy  be 
at  equal  distances  from  the  nidc,  bottom,  and  top^  of  the  vessel^  when 
immersed  in  it.  When  nil  things  are  thus  prcpured,  place  the  vessel 
ID  a  place  whercit  may  not  be  disturbed,  and  introduce  the  zinc,  at 
tbe  same  time  htting  in  the  cork.  The  metal  will  very  soon  be  co- 
vered with  the  lead,  which  it  precipitates  from  the  solution,  and  thla 
will  continue  to  take  place  until  the  whole  be  precipitated  upon  tbe 
zinc,  which  will  assume  the  form  of  a  tree  or  bush,  whose  leaves  and 
branches  are  huninal,  or  platen  of  a  metallic  lustre. 

Metallic  fyatering,  qtJqt  Blanc  Afoire. — This  article  of  Parisian 
inyention,  which  is  much  employed  to  cover  ornamental  cabinet  work, 
dres!^ing*boxes,  telescopes,  opera  gtasses,  Blc.  &c«  is  prepared  in  the 
following  manner. 

Sulphuric  acid  is  to  be  dilated  with  from  seven  to  nine  parts  of  wateri 
then  dip  a  sponge  or  rag  into  it,  and  wash  with  it  the  sorfaoo  of  a 
sheet  of  tin.  This  will  speedily  exhibit  an  appearance  of  crystal* 
lization,  which  is  the  moir^". 

This  effect,  however,  cannot  be  easily  produced  upon  every  sort  of 
sheet  tin,  for  if  the  sheet  has  been  moch  hcirdecicd  by  hammering  or 
rolling,  then  the  moirtS  cannot  be  effected  until  the  sheet  has  been 
heated  so  as  to  produce  an  incipient  fusion  on  the  sorface,  after  which 
the  acid  will  act  upon  it,  nod  produce  the  moir^.  Almost  any  acid 
will  do  as  well  as  the  sulphuric,  and  it  is  said,  that  the  citric  acid, 
dissolved  ia  a  sofBcient  qaantity  of  water,  answers  better  than  any 
other. 

Tbe  moirc  may  be  much  improved  by  employing  the  blow-pipc»  to 
form  small  and  beautiful  specks  on  the  surface  of  the  tin,  previous  to 
the  application  of  the  acid. 

W^nen  the  moir6  has  been  formed,  the  plate  is  to  be  varnished  and 
polished,  the  varnish  being  tinted  with  any  glazing  colour,  and  thus 
tlie  red, green,  yellow,  and  pearl  coloured  moires  are  manufoctured, 

Chinese  Shitt  Lead.-^The  operation  is  carried  on  by  two  men  j 
one  is  seated  on  the  floor  with  a  large  flat  stone  before  him^  and  with 
a  moveable  flat  stone-stand  at  his  side.  His  fellow  workman  stands 
Ijcaide  him  with  a  crucible  5Ued  with  melted  lead  *,  and  having  ixinred 
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B  certain  qit&ntity  upon  the  stone,  the  other  lirtg  llic  moveable  stoue, 
and  cUshiug  it  on  the  6u)d  lead»  presses  it  out  into  a  flat  and  thin 
plate,  wliich  be  instantly  removes  from  the  stone.  A  second  quantity 
of  lead  IB  ponred  in  a  aimilar  manner,  and  a  similar  phite  formed,  the 
process  being  earned  on  with  singular  rapidity.  The  rongh  edges  ot 
the  plates  arc  then  cut  off,  and  they  are  soldered  together  for  use. 

Mr,  Waddell  b as  applied  Ihis  method,  with  grent  auccess^  lo  the 
formation  of  thin  plates  of  zinc,  for  giilvanic  purposes. 

Jo  plftte  Lnnking-fr/asief. — ^Thls  art  is  erroneously  termed  silver- 
ing, for,  as  will  b&  pro^cntly  seen,  there  is  not  a  particle  of  silver 
present  in  the  wliolf.  composition. 

On  tin-foil,  fitly  deposed  on  a  flat  table,  mcrciuy  is  to  be  poured* 
and  gently  niblied  wkh  a  hare's  foM  ;  it  soon  nnites  itself  with  the 
tio^  which  then  becomes  very  splendid,  or,  a&  the  workmen  8ay>' 
is  f/uickertcd,  A  plate  of  ghiN»  is  then  cautiously  to  t^e  slid  upon  the 
tifl-leaf,  in  snch  a  manner  as  to  eweepoflf  tlit  rednodant  mercuryu 
whicfi  is  not  incorporsttcd  witti  the  tin  ;  lead  weights  are  then  to  be 
placed  on  the  glass,  und,  in  a  little  time,  the  quicksilvered  tin-foil 
adheres  50  firmly  to  the  glass:,  that  the  Heights  may  be  removed  wtth- 
out  any  danger  of  its  fallmg  off.  The  glass  thus  coated  is  a  commoB 
looking-ghiss.  About  two  ounces  of  mercury  are  sufficient  for  cover- 
ing three  sqnarc  feet  of  glass. 

The  success  of  this  operation  depends  mnch  on  the  cleanness  of 
the  glass  •,  and  the  least  dirt  or  dust  on  its  surface,  will  prevent  the 
adhesion  of  the  amalgam  or  alloy. 

Liquid  JFoil/or  siivering  Glass  G/o^M*»-No,  1. 
1  oz  clean  lead, 
1  oz.  fine  tin, 
1  oz.  bismuth,  and 
10  oz,  quicksilver. 
The  lead  and  tin  must  l>e  put  into  the  ladle  first,  and  so  soon 
'melted  the  bis^muth  must  he  added*  Skim  oflT  the  dro»s,  remove  the 
ladle  from  the  fire,  and' before  it  sets,  add  the  quicksilver:  stir  the 
whole  carefully  together,  taking  care  not  to  breathe  over  it,  as  the 
fumes  of  the  niercurj'  are  very  pernicious*  Pour  this  through  as 
earthen  pipe,  into  the  glass  globe,  which  turn  repeatedly  rouad. 

No.  2.-^— 2  parts  mercury, 
1  part  tin, 
1  part  lead,  and 
1  part  bismuth. 

Nob  3.^—4  oz.  quicksilver,  and 
tio-toil. 
The  quantity  of  tin-foil  to  be  added,  is  so  much  as  will  l)ecome 
barely  fluid  when  mixed,  i^et  the  globe  be  clean  and  warm,  and  inject 
the  quicksilver  by  means  of  a  pipe  at  the  aperture,  turning  it  about 
till  it  is  ailvered  all  o\^r.  Let  the  remainder  ran  out^  and  hang  the 
^lobe  up. 
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LACQUERING. 

^^jftciiutr  ffjr  Brat.  6  <«.  wed  lac, 

2  OS.  amber  or  copal,  groand  on  porphyry, 
40  gr.  of  dragon^a  bloody 
30  gf.  extract  of  red  Bandal  wood^  obtained  by 

water, 
3G  gr.  of  Oriental  saffron, 

4  02.  of  ponnded  glass,  and 
40  ox.  Tcry  pore  alcoliol. 
To  apply  tbis  Tarni»h  to  articles  or  orDarocnts  of  brass,  expose 
tlietii  to  a  genite  beat,  and  dip  them  into  ramisb.  Two  or  three 
coatiflgs  uiay  be  applied  in  this  oiaaDer^  if  oecessary.  The  vamisb  ia 
durable,  aod  haa  a  bealjtiful  colour.  Articles  varnished  in  thit  man- 
ner, way  be  cleaned  wiih  water  and  a  bit  of  dry  rag. 

LMcquerfur  PhUmophical  Instruments. — This  lacquer  or  ramish  is 
destined  to  change,  or  to  modify  the  coloor  of  those  bodies  to  which 
il  is  applied. 

^  ot.  of  gnm  guttfe, 

2  oz.  of  gum  sandarie, 

2  o2»  of  1^0 m  etenii, 

I  oz.  of  dmgon's  bloody  of  the  best  quality, 

1  oz.  of  »eed  kCy 
\  oz.  of  terra  merita, 

2  grains  of  Oriental  saffroDj 

3  02.  of  ponnded  glass,  and 
20  oz.  of  pure  alcohol. 

The  ttoctorc  of  saffron  and  of  terra  merita,  it  first  obtained  by  info* 
sing  them  in  alcohol  for  twenty-four  honrn,  or  exposing  them  to  the 
heat  of  the  sun  in  summer.  The  tincture  must  t>e  strained  through 
a  piece  of  clean  linen  cloth,  and  ought  to  be  strongly  sqoeezed.  This 
tincture  is  poured  orer  the  dragon  s  bl(K>d,  the  gum  elemi>  the  seed 
ktc,  and  the  gum  guttee,  all  pounded  and  mixed  with  the  glass.  The 
rarnish  is  then  made  according  to  the  directions  before  given. 

It  may  he  applied  with  great  advantage  to  philosophical  inalm- 
roents  :  the  use  nf  it  might  be  extended,  also,  to  varioos  cast  or 
moulded  articles  with  which  furniture  is  ornamented. 

If  the  dragon's  blood  be  of  the  hrst  quality,  it  may  give  too  high  a 
coloar  ;  in  thi^i  t:ase»  the  dose  may  be  lessene(l  at  pleasure,  as  well  as 
that  of  the  other  colouring  matters. 

It  is  with  a  »imihir  kind  of  vnmish  that  the  artists  of  Geneva  girc 
a  golden  orange  colour  to  the  small  nails  employed  to  ornament  wwtch- 
cftse*  J  but  they  keep  the  process  very  secret.  A  beautiful  bright 
coloar  might  tie  CJisily  commonicatcd  to  this  mixture  j  but  they  pr0- 
fvw  the  orange  colour,  produced  by  certain  compositions,  the  prcpani- 
lioo  of  wbicb  has  no  relation  to  that  of  famish,  and  which  has  been 
[vQCCCMAiiUy  imitated  with  s«Un«  mixloreat  io  which  orpiaeot  i^  a 
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principal  ingrpdient.    The  nails  are  heated  before  tljey  are  immersed 
ID  the  varnish,  and  they  are  iben  spread  owt  oo  sheets  of  dry  paper. 
Gold'Coloured  Lacquer,  for  trass  ffatch'castSf  Wdtch-ktys,  £lrc.— *J 
fi  oz.  of  seed  lac, 
2  02.  of  amber, 
2  «z,  of  gum  guttgp, 

24  gr.  of  extract  of  red  sandal  wood  im  water, 
CO  gr,  of  dra^mn's  blood, 
36  gr.  of  Oriental  saffron, 

4  oz.  of  poitaded  ghiss,  nud 
36  oz.  of  pure  alcohoL 
Grind  the  atnbcr,  the  seed  lac,  gom  guttii^,  nnd  dragon's  blood  on  t' 
|iiece  of  porphyry  ;  then  mix  them  with  the  ponnded  glass,  a&d  add 
the  alcidiol,  after  forming  with  it  an  infusion  of  the  saffron  and  an 
extract  of  flie  sandal  wood.  The  varnish  must  then  be  completed  as 
before.  The  irsctal  articles  destined  to  be  covered  by  fhis  vnrnish. 
a;re  heuted,  aod  those  which  will  admit  of  it,  are  immersed  in  packets. 
The  tint  of  the  varuish  may  be  varied,  by  modifying  the  doses  o(  ihaj 
coloaring  substaaccs. 

Lacquer  of  a  less  drying  quality. 
4  oz.  seed  lac, 

4  oz.  sandarac,  or  mastic, 
\  oz.  dragon's  blood, 

36  gr,  terra  merita, 
36  gr,  gum  guttae, 

5  oz.  pounded  glass, 
2  oz.  clear  turpentine, 

32  oz*  essence  of  turpentine, 

Eutract,  by  infusion,  the  tincture  of  the  colouring  substances, 
thco  add  the  resinous  bodies  according  to  the  dircctiouB  for  compotmt 
naasiic  varnish. 

Lacquer  or  varnis^hcs  of  this  kind  are  called  changing,   because, 
when  applied  to  metals,  such  as  co^ipor,  brass,  or  huinmercd  tin,  or 
to  wooden   boxes  and  other  furniture,   they  comratinicate  to  them 
more  agreaahle  colour.     Besides,  hy  their  contact  with  the  couim< 
metals,  they  ac<^uirc  a  lustre  *vhich  approaches  that  of  the  precioi 
mctaln,  and  to  which,  in  con.scqucnce  of  pecalipir  intrinsic  qudities 
certain  laws  of  convention,  a  much  greater  value   is  attached.      It 
ty  iieans  of  thei^c  changing  varnishes,  that  artists  are  able  to  eoi 
mutiicate  to  their  leaves  of  silver  and  copper,  those  shining  coloura" 
observed  in  foils.     Tliis    product  of  indu-^try   becomes  a  source  of 
prosperity  to  the  manufactorers   of  buttons  and  works    formed  wi 
foi!,  which,  in  the  hands  of  the  jeweller,  cojitributes  with  so  mm 
success  to  prodncc  that  reflection   of  tlic  rays  of  light  which  doubli 
Ihc  lustre  and  sjjarkling  quality  of  precious  stones. 

It  is  to  vnrnish  of  this  kind  that  we  are  indebted  for  the  mannfa 
tureof  gilt  leather^  which,  taking  refuge  in  England,  has  given  pltt< 
to  that  of  papier  (nacht^,  which  is  employed  for  the  decoratioa   of 
laccs^  theatres^  &c. 
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obtained 
c  colouring  p^irt  of  Badron,  that  the  scales  of  silver  diasemi- 
in  confection  d*  hyactntke  reflect  a  beautiful  gold  colour, 
colourii  tranJ^miitcd  by  different  colouring  substaDces,  require 
nited  to  the  objects  for   uhich  they  are  destined.     The  artist 
in   his  own  power  to  vary  them  at  pleasure.     The  addition  of 
>  to  the  nii?(tnre  of  dragon'u  blood,  r^affron,  Jcc.  or  some  changes 
doses  of  the  mode  intended  to  lie   made  in   colours.     It  U, 
re   impossible  to  gire  limited  fortuular. 
\ake  Lactfuer  of  various  Tints, 
Infuse  separately 

4  oz.^m  gotta  in 
32  oz.  of  essence  of  Inrpentbe, 
1  oz,  annatto,  and 

4  oz.  dragou*s  blood,  &tso  in  separate  doses  of  es- 
sence, 
infnsions  may  be  easily  made  in  the  s»n.  After  fifteen 
Iqx^surc,  pour  a  certain  quantity  of  these  liquors  into  a  flask, 
varying  the  doses  difTerent  shades  of  colour  will  be  obtained, 
infosions  may  be  employed  also  for  changing  alcoholic  rar- 
but  in  this  case,  the  use  of  eafTronj  as  well  as  that  of  red 
wood,  which  does  not  succeed  with  essence,  will  soon  give  the 
»cessary  for  imitating^  with  other  tinctures,  the  colour  of  gold. 
Bron*^  piaster  Figures. — For  the  ground,  after  it  has  becu 
Ukd  rubbed  down,  take  Prussian  blue,  verditer,  and  spruce 
Gnod  them  separately  in  water,  turpentine,  or  oil,  according 
ork,  and  mix  them  in  such  proportions  as  will  produce  the 
desired.  Then  grind  Dutch  mcta)  in  a  part  of  this  composi- 
lying  it  with  judgment  on  the  prominent  parts  of  the  fignre» 
produces  a  grand  effect 

IroK^n  Gun  Barrels. — After  the  barrel  is  finished  rub  it  over 
uafortis,  or  spirit  of  salt,  diluted  with  water.  Then  lav  it 
m  week,  till  a  complete  coat  of  oil  is  formed.  A  little  oil  in 
be  applied,  and  after  rubbing  the  surface  dry,  polish  it  with 
brush  and  a  little  bees'  wax. 


VARNISHES. 

ute  Copal  Varnish* — No.  1. — WWxie  oxide  of  lead,  ceruse, 
^ite,  w  hite  clay.  Such  of  these  substances  as  are  preferred 
be  carefully  dried.  Cemse  and  clays  ob»tinately  retain  a 
~  of  humidity*  which  would  oppose  their  adhesion  to  drying 
^b.  The  cement  Uieu  crumbles  under  the  fingers,  and 
lume  a  body. 

On  If)  ounces  of  melted  copal,  poor  4j  6>or  8  oances  of 
►il,  boiled  and  quite  free  from  grease.     Wben  well  rnhbed  by 
tlirriuKs^  and  after  they  are  pretty  cdo^  pottr  ta  16  cranoea 
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of  the  essence  of  Venice  turpentine.     Pass  Uie  varnish  tbi 
clotli.     Amber  varnish  h  made  the  same  way. 

Black, — Lamp-blnck*  tnatle  of  burnt  vine  twigs,  and  black  of 
stones.     The  lamp-black  miist  be  carefully  washed,  and  aft 
dried.     Washing  carries  oflT  a  great  many  of  its  impurities. 

Yellow. — Yellow  oxide  of  lead  of  Naples  and  MontfK'Uier,  ' 
diiced  to  impalpable  powder.  These  ycUows  are  hurt  by  the 
of  iron  and  steel  ;  in  mixing  them  up,  therefore,  a  horn 
wirh  a  glass  mortar  and  pestle  must  be  employed. 

Gum  gottiE,  yellow  ochre,  or  Dutch  pink»  according  to  tbi 
and  tone  of  the  cnloor  to  be  imitated. 

Blue* — Indigo,  prussiate  of  iron,  (Pmssian  bine)  bine  t 
and  uUra-manne,     All  these  substances  must  be  very  nincb  di" 

Green. — Verdigris,  crystallized  Tcrdigris,  compound  ^tewi 
tore  of  yellow  and  blue.)       The  first  two  require  a  mixture 
in  proper  proportions,  from  a  fourth  to  two-thirds,  according' 
tint  intended  to  be  given.       Hie  white  used  for  this  purpose  is 
or  tlie  wJiite  oxide  of  lead,  or  S|tani6h  white>  which  is  Jess  a 
white  of  Moudon. 

Red, — Red  sulphurated  oxide  of  mercory,  (cinnabar  Tern 
Red  oxide  of  lead  (raiuiam,)  different  red  ochres,  or  P| 
reds,  &c. 

Purple. — Cochineal,  carmine,  and  corminated  lakes,  with 
and  boiled  oiL 

Brick  Red. — Dragon's  blood. 

Chamois  Cohuf. — Dragon's  blood  with  a  paste  compl 
flowers  of  zinc,  or,  what  is  still  better,  a  little  red  vermilion. 

f/f>/c/.— 'Red  sulphurated  oxide  of  mercury,  mixed  witJi  lamp 
washed  very  dry,  or  with  the  black  of  burnt  vine-twigs  ;  and 
der  it  mellower*  a  proper  mixture  of  red,  blue,  and  white. 

Pearl  Grei/. — White  and  black  j  while  and  blue  ;  for  ci 
ceruse  and  Ih rap-black  j  ceroae  aud  indigo. 

fhzen  Grei/, — Ceruse,  which  forms  the  ground  of  the 
mixed  with  a  *!Tri!ill  quantity  of  Cologne  earth,  as  much  EngUi 
or  carraiuMted  lake,  which  is  not  so  durable,  and  a  part 
prussiate  of  iron,  (Prusaian  blue.) 

To  make  Farnishes  for  Violins^  fir^,— To  a  gallon  of  rectifw 
rit  of  wine,  add  six  oi]nc<'S  of  gnm  sandarac,  three  ounces 
mastich,  and  half  a  pint  of  turpentine  varnish.  Put  the  who 
a  tin  can,  wliich  keep  in  a  warm  place,  frequently  shaking 
twelve  days,  untiT  it  is  dissolved.     Then  strain,  and  keep  it  fo 

To  dissolve  Elastic  Gum,  8(c. — M,  Grossart,  by  an  ingenioi 
tluKl,  succeeded  in  forming  India  rubber  into  elastic  tubes, 
bottle  of  the  gum  circularly,  in  a  spiral  slip,  of  a  few  lines  in  b; 
then  plunge  the  whole  of  the  slip  into  vitriolic  ether,  till  it  bi 
softened  ;  half  an  hour  is  generally  sutBcient  for  this  purpose^ 
slip  is  then  taken  out  of  the  liquid,  and  one  of  the  extremities 
to  the  end  of  a  mould,  first  rolling  it  on  Itself,  and  pressing  i 
mounting  spirally  alon^  the  cylinder,  takia^  care  to  lay  of 
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t^ss  with  tbc  liand  every  edge,  one  agaiust  ibc  other,  so  that 
may  nut  be  any  vacant  space,  and  that  all  the  edges  may  join 

B'f  tbc  whole  is  then  to  he  himnd  bard  uith  a  tape  of  an  inch 
th,  taking  care  to  turn  it  the  same  way  with  the  alip  of 
chonc.  Over  the  tape  packthread  is  to  be  applied,  iu 
Ik  manner  that,  by  every  turn  of  the  thread  joining  another^  &a 
prcjisure  is  givco  to  every  part.  It  h  then  left  to  dry,  and  the 
is  uiude.  In  removing  the  bandage,  great  cnrc  mast  be  taken 
tione  of  the  oat  ward  surface,  which  may  have  lodged  within  the 
llces  of  the  tape,  (of  which  the  caoutchouc  takes  the  cicact  tm- 
dD,)  may  be  pulled  asunder.  If  it  be  found  difficolt  to  withdraw 
tmlA,  it  may  be  plunged  into  hot  water*  If  the  mould  were  pre- 
y  amoked  or  rubbed  with  chalk,  it  might  be  removed  with  less 
tlly.  Polished  metallic  cyliudera  are  the  most  eligible  moutda 
\\s  purpose.  As  ttolventSi  oils  of  turpentine  and  lavender  may 
iployed*  but  both  are  much  slower  of  evaporating  than  ether,  and 
1  of  turpentine,  particularly^  appears  always  to  have  a  kind  of 
ness.  Nevertheless,  there  is  a  solveut  which  has  not  that 
reiiienoe,  is  cheaper,  and  may  easily  be  procured  by  every  one, 
ffoler.  Proceed  in  the  same  manner  aa  with  ether.  The 
diouc  is  sufficiently  prepared  for  use  when  it  has  been  a  quarter 
liour  in  boiling  water :  by  this  time  its  edges  are  sometimes 
>arent.  It  is  to  be  turned  spirally  round  the  mould,  and  re- 
ed frequently  into  the  boiling  water,  during  the  time  employed 
oniog  the  tube.  When  the  whole  is  bound  vvitb  pack-thread,  it 
t»e  kept  some  hours  in  boiling  water,  after  which  it  is  to  be  dried^ 
^ping  on  the  binding.  This  method  may  be  successfully  em- 
I  in  forming  the  larger  sort  of  tubes,  and  in  any  other  instm- 
,  but  it  would  be  impracticable  ie  make  the  small  tubes  in  |.his 

of  lavender,  of  turpentine,  and  of  spikenard,  dissolve  elastic 
prith  the  assistance  of  a  gentle  heat  ;  but  a  mixture  of  vohitile 
id  alcohol  forms  a  t»etter  solvent  for  it  than  oil  alone,  and  th« 
li  dries  sooner.  If  boiled  in  a  solution  of  alum  iu  water,  it  is 
red  softer  than  in  water  alone.  Yellow  wast,  in  a  state  of  ebul- 
,  may  be  saturated  with  it,  by  putting  it,  cut  in  small  pieces, 
lily  into  it.  By  this  means,  a  pliable  varnish  is  formed,  u  hick 
«  applied  to  cloth  with  a  brush,  but  it  still  retains  a  clammineaa. 
make  Caoutchouc  Varnish. 

Bh  16  oz>  of  caoutchouc,  or  elasti<!  resin, 

^H  ]  6  oz.  boiled  linseed  oil,  and 

^^  1 6  oz.  of  essence  of  turpentine, 

the  caoutchouc  into  thin  slips,  and  put  them  into  a  matrati 
ta  a  very  hot  sand-bath.  When  the  matter  is  liquefied,  add 
IMed  oil  in  a  state  of  ebullttiou,  and  then  the  edst'uce  warm, 
the  varnish  has  lost  a  great  part  of  \t^  heat,  strain  it  through 
L  of  linen,  and  preser^^e  it  in  a  wide-mouihed  bottle,  Tbis 
b  dries  very  slowly,  a  fault  which  is  owing  to  the  pccnUar  ua- 
'.  the  caoutchouc. 
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The  iovcntion  of  air  balloons  ted  to  the  idea  of  applying  caoat« 
chout:  to  the  composition  of  varnifili.  It  was  necessary  to  hare  a 
vnroish  which  ahould  unite  great  pliability  and  coDsiateucc.  No  v«r« 
nlsh  seemed  capable  of  corresponding  to  these  views,  except  that  of 
caotJtchonCi  tfut  the  desiccation  of  it  is  exceedingly  tedious. 

To  make  FaTnlsh  Jor  Silfis,  •Src, — 'I'o  one  quart  of  cold-drawo  lic- 
eecd  oil,  poured  off  from  the  lees,  (productd  on  the  udditiou  of  uii- 
sliicked  liuie,,  on  which  tlie  oil  has  stood  ei^ht  or  ten  days  at  the 
least,  in  order  to  coiumuuicate  a  drying  quality, — or  brown  ujml>cr, 
burnt  and  powdered,  which  will  have  the  like  efi'ect,)  and  half  aa 
ouDce  of  litharge  ;  boil  them  for  half  an  hour,  then  add  half  un  oiuioe 
of  the  cupal  varnish.  WliJlc  the  ingredients  are  on  the  fire,  ia  a 
copper  vessel,  put  iu  one  ounce  of  chios  turpentiite,  or  cootoioa 
resin,  and  a  few  drops  of  neutsfoot  oil,  »nd  stir  the  whole  wtth  a 
knife;  when  cool,  it  is  ready  for  use.  The  ncutsfoot  oil  prevtuts 
the  vdrni»h  from  being  sticky  or  adhesive,  and  may  be  put  into  the 
liDgcffd  oit  at  the  same  time  with  the  lime,  or  burnt  uiDuer.  Resin 
or  chioH  turpentine  may  be  addcd^  till  the  varnish  haa  attained  the 
desired  thickness, 

The  loDger  the  raw  linseed  oil  remains  on  the  unslacked  lime  or 
umber^  the  ^ouner  will  tlie  oil  dry  after  it  is  used  ;  if  some  months, 
so  mUL'hthe  belter  :  such  varnish  will  set.  that  is  to  say,  not  run,  but 
keep  its  place  on  the  silk  in  fourhotirs  j  the  silk  may  then  be  turned^ 
and  varnished  on  the  other  side. 

To  make  pUabid  yiciTnish  Jar  Umbrellas ^^^Take  any  quantity  of 
caoutchouc,  as  ten  or  twelve  ounccs^,  cut  into  small  bits  with  a  pair  of 
ftcissors,  »nd  put  a  strong  iron  ladle,  (such  as  that  in  which  painters, 
plumbers,  or  glazier*  melt  Iheir  lead)  over  a  common  pit-coal  or  other 
Jire  J  w  hich  must  be  gentle,  glowing*  and  without  smoke.  When  the  la- 
dle is  hot,  put  a  single  bit  into  it  :  if  black  smoke  issues,  it  will  pre- 
seritly  flame  aud  disappear,  or  it  will  evaporate  without  6ame  ; 
ladle  is  then  too  hot.  When  the  ladle  is  less  hot,  put  in  a  second  I 
which  will  produce  a  white  smoke  ^  this  white  ^moke  will  contii 
during  the  operatiijn,  and  evaporate  the  caoutchouc  j  therefore 
time  ia  to  tie  lost,  but  little  bits  are  to  bo  put  in,  a  few  at  a  time, 
the  whole  are  melted  ^  it  should  be  conttonally  and  gently  stirred 
an  iron  or  brass  spoon.  The  instant  the  sinokc  changes  from  wl 
1o  black,  take  off  the  tadle,  or  the  whole  will  break  out  into  a  violf 
flame,  or  be  spoiled,  or  lost.  Care  most  be  taken  that  uo  water 
added,  a  few  drops  only  of  which  would,  on  account  of  its  expat 
bility,  make  It  bull  over  furiously  and  with  great  noise  ;  at  this  peri 
of  the  process,  2  pounds  or  1  anart  of  the  best  drying  oil  is  to  be  | 
into  the  melted  caoutchouc,  and  stirred  till  hot,  and  the  whole  poui 
into  a  glazed  vessel  through  a  coarse  gauze,  or  wire  sieve.  When 
settled  and  clear,  which  will  be  in  a  few  minutes,  it  is  fit  for  use, 
cither  hot  or  cold. 

The  silk  should  be  always  stretched  horizontally  by  pm9  or  t<mti 
hooks  on  frames  :   (the  greater  tliey  arc  in  length  the  better,)  aud 
varnish  poured  ou  cold  in  hot  weather,  and  hot  in  cold  weather. 
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ie  perhaps  best^  always  to  lay  it  od  when  cold.  The  art  of  laying  it 
on  properly,  consists  in  making  uo  intestine  motion  in  the  varnish, 
which  woald  crcnte  minute  bubbles,  therefore  brashes  of  every  kind 
are  improper^  hr  eacli  Utibbte  breaks  In  drying,  and  forms  a  small  hole« 
through  which  the  air  will  transpire. 

This  varnish  is  pliant,  nnadhesive,  and  unalterable  hy  weather. 

f^arniik  used  for  Indian  S^ie/dj. ^Shields  made  at  Silhrt,  in  Hen- 
gal,  are  notetl  throughout  India,  for  the  lustre  and  durability  of  the 
htavk  tfarniih  with  which  they  are  covered  j  Sllbet  shields  constitute, 
therefore,  no  inconsiderable  article  of  traffic^  being  in  request  amnng 
natives  tvho  ciirry  arms,  and  retain  the  ancient  predilection  for  the 
scitnitar  and  buckler.  Tlie  varnish  is  composed  of  the  expressed 
juice  of  the  ujarking  nut,  St^mecarpus  jinacardiuniy  and  that  of 
another  kindred  fruit,  Holigarna  Longlfolia, 

The  shell  of  the  Semecarpus  Anacardium  contains  betvreeo  its 
inteifuments  numerous  cells,  filled  with  a  black,  acrid,  resin oua  juice  ; 
which  likewise  is  found,  ihoogh  less  abundantly,  in  the  wood  of  the 
tree.  It  is  commonly  employed  as  an  indelible  ink,  to  mark  all  sorts 
of  cotton  cloth.  The  colour  is  fixed  with  quick  lime.  The  cortical 
part  of  the  fruit  of  Holigarna  Lvngifoiia  likewise  contains  between 
its  lamina;  numerous  cells,  filled  with  a  black,  thick,  acrid  fluid. 
Tlie  natives  of  Malabar,  extract  by  incisioo,  with  which  they  varnish 
targets. 

To  prepare  the  varnish  according  to  the  method  practised  in  Silhet, 

the   nuts  of  the   Semecarpus  Anacardium^  and   the  berries   of  the 

Htilisfanifj  l^ongifoiia,  having  been  stee[^ed  for  a  month  in  clear  \\  ater, 

are  cut  transversely,  and  pressed  in  a  mill.     The  expressed  juice  of 

each  is  kept  for  several  months,   taking  off  the  scum  from   time  to 

time.     Afterwards  the  liquor  is  decanted,  and  two  parts  of  tlie  one 

me  added  to  one  part  of  the  other,   to   be  used  as  varnish.      Other 

hwtjportions    of  ingredients  are  somclimes  employed  :   but  in   all  the 

■fesinons  juice  of  the  Semocarpus  predominates.      The  varnish  is  laid 

ftu  like  paint,  and  wlieu  dry,  is  polished  by  rubbing  it  with  an  agato^ 

^T  smooth  pebble.      This  varnish  also  prevents  destruction  of  wood, 

Ike.  by  the  white  ant* 

To  give  a  drying  quality  to  Poppy  OU^ 
3\b,  of  pure  water, 

I  oz.  of  sulphate  of  zinc,  (white  vitriol),  and 
*2  lb.  of  oil  of  pinks,  or  l>oppy  oiL 

Etpose  this  tnixture  in  iin  earthen  vessel  capkible  of  standing  the 
tre,  to  a  degree  of  heat  sufficient  to  maintain  il  in  a  slight  state  of 
ebullition,  When  one  half  or  two-thirds  of  the  water  has  evaporated, 
pour  the  whole  into  a  large  glass  bottle  or  jar,  and  leave  it  at  rest 
tiit  the  oil  becomes  clear.  Decant  the  clearest  part  by  means  of  a 
glass  funnel,  ttie  beak  of  which  is  stopped  with  a  piece  of  cork  : 
when  the  separation  of  the  oil  from  the  water  is  completely  cflTccted, 
remove  the  cork  stopper,  and  supply  its  place  hy  the  fore-finger, 
which  mast  be  applied  in  such  a  manner  as  to  suffer  the  water  to  et- 

pe,  and  to  retain  only  the  oil. 
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Poppyoil  wben  prepared  in  ibis  manner  beoome9>  after 
weeks,  exceedingly  limpid  and  colourleiis. 

Tb  Five  a  drying  quality  to  fat  OiUs. 
No.  1. — &lb.  nut-oil,  orlinseed-ojl, 

1  oz.  white  lead,  slightly  calcined j 
1  oz.  yellow  acetate  of  lend,  (Bal  saturni)  aLroeatdm 
1  oz.  sulphate  ofziuc,  (white  vitrial.) 
12  oz.  vitreous  oxide  of  lead,  (littiargc)  and 
a  head  ofgadicj  or  a  small  onion. 

Wien  the  dry  substances  are  pulverized,  mix  them  with  the  gar! 
and  oil;,  over  a  fire  capable  of  maintaining  the  oil  in  a  slight  state 
eballition  :  continne  it  till  the  oil  ceases  to  throw  up  scum^  tiU  it 
assumes  a  reddish  oolour,  aod  till  the  head  of  garlic  becomes  browi 
A  pellicle  will  then  be  soon  formed  on  the  oil,  which  indicates  tt 
the  operation  is  completed.     Take  the  vessel  from  the  fire,  and 
pellicle,  being  precipitated  by  rest,  will  carry  with  it  all  the  mtctuoi 
parts  whicb  rendered  the  oil  fat.     ^\'heD  the  oil  becomes  clear,  se| 
rate  it  from  the  deposit,  and  put  it  into  wide-mouthed  bottles,  whel 
it  will  completely  clarify  itself  in  time,  and  improve  in  quality. 
No.  2,^^U  oz,  of  vitreous  oxide  of  lead,  (litharge) 
I  oz.  sulphate  of  zinc,  (while  vitriol)  and 
16  oz.  lina«ied,  or  nut-odj 
The  operation  must  be  conducted  as  in  the  prccedhig  caKc. 

The  choice  of  the  «il  is  not  a  matter  of  indifference.     If  it  be  d< 
tined  for  painting  articles  exposed  to  the  impression  of  the  exter 
air,  or  for  delicate  painting,  nut-oil  or   poppy-oil  will  be  requisit 
Linseed  oil  is  used  for  coarse  painting,  and  that  sheltered  from 
effects  of  the  raiu  and  of  the  sun. 

A  little  negligence  in  (he  management  of  the  fire,  has  often  an 
fluence  on  the  colour  of  the  oil»  to  which  a  drying  quality  is 
manicated  j  in  this  case  it  is  not  proper  for  delicate  painting, 
inconvenience  may  be  avoided  by  tying  up  the  drying  matters  ii 
small  bag  -,  but  the  dose  of  the  litharge  must  then  be  doubled. 
bag  must  Iw  suspended  by  a  piece  of  packthread  fastened  to  a  sti( 
which  is  made  to  rest  on  the  edge  of  the  vi  ssei  in  such  a 
as  to  keep  the  bag  at  the  distance  of  an  inch  from  the  bottom  of 
tessel.     A  pellicle  will  he  formed  as  in  the  first  operation^  but  it ' 
be  slower  in  making  its  appearance. 

No.  3. — A  drying  quality  may  b^  cummanicated  to  oil  by  trcatiu^^ 
in  a  heat  capable  of  maintaining  a  slight  ebullition,  linseed,  or  not  *>^H 
to  each  pound  of  which  is  added  3  oz.  of  vitreous  oxide  of  \eJ^^ 
(litharge)  reduced  to  fine  powder. 

The  preparation  of  floor-cloths,  and  all  paintings  of  large  figuit^ 
or  ornaments,  in  wliich  argillaceous  colours,  such  as  yellow  and  r^H 
boles,  Dutch  pink,  &c,  are  employed,  require  this  kind  of  preparatioi^" 
that  the  desiccation  may  not  be  too  slow  \  but  painting  for  which 
metallic  oxides  are  used,  such  as  preparations  of  lead,  copper, 
require  only  the  dosea  before  indicated,  because  these  oxides 
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eat  deal  of  oxygen,  aod  tbe  oil,  by  thetr  coatactt  aoquiret 
ft  drying  quajtty. 

No.  4.-2  lbs.  of  nut-oil, 

3  lbs.  of  commoa  water,  and 
2  02.  of  sulphate  of  ziac»  (vrbite  Titriol). 

Mix  tbeae  matters,  and  subject  them  to  a  slight  ebullition,  till 
little  water  remains^  Decant  the  oil,  which  will  pass  over  with  a 
small  quantity  of  water,  and  separate  the  latter  by  means  of  a  funneL 
Tbe  oil  remains  nebulous  for  ttome  time  |  after  which  it  becomei 
c1ear«  and  seems  to  be  very  little  coloured. 

No.  5*^6  lbs.  of  nut-oil>  or  linseed-oil, 

4  lbs.  of  common  water, 

1  oz.  of  sulphate  of  zinc,  and 
1  bead  of  garlic. 
Mix  these  matters  in  a  large  iron  or  copper  pan  j  then  place 
them  over  the  fire,  aod  maintain  the  mixture  in  a  state  of  ebullition 
during  the  whole  day  :  boiling  water  must  from  time  to  tiiue  be  added 
to  make  op  for  the  loss  of  that  by  evaporation.  The  garlic  will  as* 
Rume  a  brown  appearance.  Take  the  pan  from  the  fire,  and  ha\ing 
sufTered  a  deposit  to  be  formed,  decant  the  oil,  which  will  clarify  it- 
self in  the  vessels.  By  this  process  the  drying  oil  is  rendered  some- 
what more  coloured  ;  it  is  reserved  for  delicate  colours. 

Resinous  Drying  OiL^-Tnkc  10  lbs.  of  drying  nut  oil,  if  the  paint 
it  destined  for  external^  or  10  lbs.  of  drying  linseed  oil,  if  for  internal 
articles. 

3  lbs.  of  resin,  and 
6  oz-  of  turpentine. 
Cause  the  reain  to  dissolve  the  oil  by  means  of  a  gentle  heat» 
When  dissolved  and  incorporated  with  the  oil,  add  the  turpentine  : 
leave  the  varnish  at  rest,  by  which  means  it  will  ofteu  deposit  por* 
tions  of  resin  and  other  impurities;  and  then  preserve  it  in  widc- 
moothcd  bottles.  It  must  be  used  fresh  ;  when  suffered  to  grow  old 
it  abandons  some  of  its  resin.  If  this  resinous  oil  assumes  too  much 
consistence,  dilute  it  with  a  little  essence,  if  intended  for  articles 
sheltered  from  the  sun,  or  with  oil  of  poppies. 

In  Switzerland,  where  the  principal  part  of  the  mason's  work  con- 
fista  of  stones  subject  to  crumble  to  pieces,  it  is  often  found  necet* 
sary  to  give  them  a  coating  of  oil  paint,  to  stop  the  eflfccts  of  this 
.decomposition.  This  painting  has  a  great  deal  of  lustre,  and  when 
the  last  coating  is  applied  with  resinous  oil,  it  has  the  effect  of  a  var- 
nish. To  give  it  more  durability,  the  first  ought  to  be  applied  ex- 
ceedingly warm  and  with  plain  oil,  or  oil  \CTy  little  charged^  with  the 
grey  colour,  which  is  added  to  the  two  following, — 
Fat  Copal  Farni$h. 

1 6  oa.  of  picked  cop^l, 

8  oz.  of  prepared  linseed  oil,  or  oil  of  poppie^^aiid 
16  oz,  of  essence  of  turpentine. 
Liquefy  the  copal  in  a  matrass  over  a  comsiou  fire»  and  ihed  add 
iUo  liuseed  oil,  or  oil  of  poppies,  in  a  state  of  ebullition  ;  wb«a  tbcao 
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mattera  arc  incorporated,  take  the  matrass  from  the  fire,  stir  the  mat- 
ter till  the  greattst  heat  is  subsided^  and  tben  add  the  essence  of 
turpentiae  warm*  Straio  the  uhoU',  while  etill  warm,  throagh  m 
piece  ot  linen,  and  put  the  varnish  into  awide-raouthed  bottle.  Timi 
contribiites  towards  Its  clarification  ;  and  iu  chiit  manner  it  acquir 
a  better  quality. 

FarnUhftjr  fPatch-Caxcs,  in  imitation  of  Tor tcise-s hell, 
6  oz.  of  copai  of  nn  amber  colour, 
1^  02.  Venice  turpentine, 
24  oz.  prepared  linseed  oil,  and 
6  oz,  essence  of  turpentine. 

It  IB  customary  to  place  the  turpentine  over  the  copal^  reduced  \o 
amall  fragitients,  in  the  bottom  of  an  earthen  or  metal  vess  1,  or  in  « 
matrass  exposed  to  such  a  heat  as  to  liquefy  the  copal :  but  it  is  too 
advantageous  to  tiqiief)'^  the  latter  alone,  to  add  the  oil  in  a  state 
ebullitionj  then  the  torpentioc    liquefied,  and   in' the  la»t  place,  t 
essence.     If  the  varnish    i:$  too  thick,  some  essence  may  be  adde 
The  latter  liquor  is  a  regulator  for  the  consistence  id  the  hands  ot  an 
artist. 

To  make  a  Colourless  Copal  Varuuh, — As  all  copal  is  not  fit  for  thii 
purpose,  in  order  to  ascertain  such  pieces  as  are  good,  each  must  1 
taken  separately,  and  a  sioji(le  drop  of  pure  essential  oil  of  rosemary^ 
not  altered  by  keeping,  must  be  let  fall  on  it.       Those  pieces  whicf 
soften    at  the  part   that   imbi'ies  the  oil,  are  good  ;  reduce  Ihem  t 
powder,  which  sift  through  a  very  fine  ii air-sieve,  and  put  it  into 
glass,  00  the  bottom  of  which  it  must  not  He   more  than   a   fioger' 
breadth  thick-     Pour  upon  it  essence  of  rosemary  to  a  similar  height 
stir  the  whole  for  a  few  minutes,  when  the  copal  will  dissolve  ioio 
viscous  fluid.     Let  it  stand  for  two  hours,  and  then  pour  gently  o 
it  two  or  three  drops  of  very  pure  alcohol,  which  distribute   over  th 
oily  mass,  by   incliulng  the  bottle  in  difTcrfnt  directions  with  a  ve 
gentle  motion.     Repeat  this  operation  by  little  and  little,  till  the  in 
corjwralion  is  effected,  and  the  varnish  reduced  to  a  proper  degree 
fluidity.     It  must  then  be  left  to  stand  a  few  days,  and,  when   vcr 
clear,  be  decanted  off.     This  varnish,  thus  made  without  heat,  ma 
be  applied  with  equal  success,  to  pasteboard,  wood,  and  metals,  an 
takes  a  better  polish  than  any  other.     It  may  be  used  on  paintings,* 
the  beauty  of  which  it  greatly  heightens. 
Ocld^coloured  Copal  yiirnish. 

1  oz«  Copal  in  powder, 

2  oz.  essentia]  oil  of  larcnder,  and 
6  oz.  essence  of  turpentine. 

Put  the  essential  oil  of  lavender  into  a  matrass  of  a  proper  aife.^ 
placed  on  a  sand-bath  heated  by  an  Argand's  lamp,  or  over  a  mo* 
derate  coal- firo.  Add  to  the  oil  while  very  warm,  and  at  several 
times,  the  copal  powder,  and  stir  the  mixture  with  a  stick  of  white 
wood,  rounded  at  the  end.  When  the  copal  has  entirely  disappeared, 
add  at  three  different  times  the  essence  almost  in  a  state  of  ebullttion; 
Mud  keep  continually  stirring  the  mixture.     When   the   solution  ii 
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pictcd,  the  result  will  be  a  Tarnish  of  ft  ^otd  colaur>  exoetdiog* 
ly  durable  iind  brilliant,  hut  iest*  drying  than  the  precedrnf^. 

No.  2,  To  obtain  this  Tarniflh  colourless,  it  will  be  proper  to  recti- 
fy the  essence  of  the  sbops^  which  is  often  highly  coloured*  and  to 
give  it  the  necessary  density  by  exposure  to  the  sun  in  bottles  closed 
with  cork  stoppers*  leaving  an  intervnl  of  some  inches  between  the 
stopper  and  the  surface  of  the  liquid*  A  few  months  are  thus  sufii- 
rient  to  communicate  to  it  the  required  qualities.  Besides^  the  es- 
itence  of  the  tthopti  18  rarely  possessed  of  that  slate  of  consistCDce* 
witfioot  having  at  the  same  time  a  strong-  amber  colour. 

The  varnish  resulting  from  the  solution  of  copal  in  oil  of  turptnline« 
broQ^ht  to  such  a  stntetts  to  produce  the  maximum  of  solution,  is  ex« 
veedinifly  durable  and  brilliant.  It  resists  the  shock  of  hard  t)odie» 
Qitjich  bt!tter  than  the  enamel  of  toys^  which  often  becomes  acratched 
and  whitene<1  by  the  iraprcssion  of  repenied  friction  j  it  is  applied 
with  the  greatest  saccess  to  philosophical  instruments,  and  the  paint- 
ifigv  with  which  vessels  and  other  nteasiU  of  metal  are  decorated. 
No,  3, — 4  02,  copal,  and 

1  oz,  clear  tarpentinc. 
Pot  the  copal,  coarsely  pulverized,  into  a  Tarnish  pot,  and  gire  ic 
the  form  of  a  pyramid,  which  must  be  covered  with  tllrfK^ntine.  Shut 
the  vessel  closely,  and  placing  it  over  a  gentle  fire,  increase  the  heat 
gradually  that  it  may  not  attack  the  copal ;  as  soon  as  the  matter  i« 
well  liquefied,  pour  it  opon  a  plate  of  copper,  and  when  it  hns  re- 
fttuned  its  consistence  reduce  it  to  powder. 

Put  half  an  ounce  of  this  powder  into  a  matrass  with  four  ounces  of 
the  essence  of  turpentine,  and  stir  the  mixtore  till  the  solid  matter  i» 
eolirety  dissolved, 

Cairipkaraud  Copal  garnish. — This  varnish  is  destined  for  articles 
which  require  durability,  pliablenei^s,  and  transparency,  such   »a  tlw 
nrotshcd  wire-gEuzc,  used  in  ships  instead  of  glass. 
2  02.  of  pulverized  copal, 
6  02.  of  CHseotial  oil  of  lavender, 
V  of  an  oz.  of  camphor,  and 
essence  of  torpentine,  a  sufEcient  quantity,  mB» 
cording  to  the  consistence   required  to  be  gives 
to  the  varnish. 
t  into  a  phial  of  thin  glass,  or  into  a  smalt  matrass,  the  essen* 
€itk\  oil  of  lavender  and  the   camphor,  and   place  the  miictiire  on   a 
moderately  open  fire,  to  bring  the  oil  and  the  camphor  to  a  slight  state 
of  ebtiUitiou ;  then  add   the  copal   powder  in  small   portions*  whidi 
roust  be  renewed  as  they  disappear  in  the  liquid.     Favour  i|»e  sola- 
lion,  by  continually  stirring  it  with  n  stick  of  white  wood  ;  and  when 
the  copal  is  incorporated   with  the  oil,  add  the  essence  of  turpentine 
boiling ;  but  care   must  be  taken  to  pour  in,  at  first,  only  a  small 
portion. 

This  varnisb  is  little  coloiired,  and  by  rest  it  afiqaires  a  transtM- 
renoT  wbieh«  tinited  to  the  solidity  observed  ia  almost  every  bind  of 
copal  varnislies,  renders  it  ftt  to  be  applied  with  great  socceM  ia 
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many  cases,  aod  particularly  in  the  ingenloua  iaveatiau   of  snbetU 
tuting  varnished  metallic  gauxe  in  the  rcHim  of  Muscovy  talc,  a  kit  ' 
of  micai  m  large  luiniafc,  used   for  ibc  cabin  windows    of  ships, 
presenting  inoro    resistance  to  the  coucussioo  of  tlie  air  daring  tl 
firing  of  the  guns.     Varnished  inetaltic  gaazc,  of  this  kind,  is 
nufactured  at  Rouen. 

Ethereal  Copal  f'arnuh, — ^o;},  of  am  berry  copal,  and 
2  oz.  of  ether, 

Redncc  the  copal  to  a  very  hne-   powder,  and  introduce  it  by  smt 
portions  into  the  flask  which  contains  the  ether  ;    close  the  flask  wit! 
a  glass  or  cork  stopper,  and   biiving  sitakcn  the  mixture  for   h»lf 
hour,  lea^'eit  at  rc&t  till  the  next  itiorning.     In  shakiitg  the  lilusk, 
the  sides  become  covered  \rith  smnll  undulations. aod  if  the  liquor 
not  exceedingly  clear,  the  solution  is  not  com|)lelc,     Fii  this  case,  add 
a  little  ether,  and  leave  the  mixture   at   rest.     *'he  varnish  is   of  a 
light  lemon  colour.     The   largest   quantity  of  co(>al   united  to  etheaH 
may  be  a  fourth,  and  the  least  a  fifth.    The  use  of  copal  varnish  raadsH 
with  ether  seems,  by  the  expense  attending  it,  to  be  conhned  to  re- 
pairing  those    accidents  which   frequently  happen  to  the  enamel  of 
toys,  as  it  will  supply  the  plnce   of  glass  to  the  coloured  varnisbei^ 
employed  for  mending  fractures,  or  to  restoring  the  smooth  surfac 
of  paintings  which  have  been  cracked  and  shattered. 

The  great  volatility  of  ether,  and  in  particular  its  high   price, 
not  allow  the  application  of  this  VHrni^h  to  be  recommendcs^l,  but  k 
the  purpose  hemi^ndicated.     It  has  been  applied  to  wood  with  cotn<i 
pletc  success^  and  the  glazing  it   produced,  united  lustre  to  solidity^ 
In  consequence  of  the  too  speedy  cvai>oration  of  ihe  liquid,  it  ©fti 
boils  under  the  brush.     Its  evaporation^  however,  may  be  retards 
by  spreading  over  the  wood  a  slight  stratum  of  essential  oil  of  roB< 
mary,  or  lavender,  or  even  of  turpentine,  which  may  afterwards 
removed  by  a  piece  of  linen  rag  ;  what  remains  is  sudicicnt  to  retai 
the  evaporation  of  the  ether. 

Turpentine  Copal  yarnish. 

U  oz.  of  copal,  of  an  amber  colour,  and  in  powder,  and 
8  oz.  of  be*t  oil  of  turpentine. 

Ex[K>se  the  es^^encc  to  a  balneum  luarite,  in  a  wide-mouthed  matrass 
with  a  short  neck  -,  as  soon  as  the  water  of  tljc  bath  begins  to  tK>iL^_ 
throw  into  the  essence  a  large  pinch  of  copal  powder,  atid  keep  tb^H 
matrass  in  a  state  of  circular  motion.     When  the  powder  is  iocor*^ 
porated  with  the  esseuce,  add  new  doses  of  it ;  and  coutmue  in  this 
manner  till  you  observe  that  there  15  formed  an  iusoluble  depositi»j 
Then  take  the  matrass  from   the  bath,  and   leave  it  at  rest  for  not 
days.     Draw  off  the  dear  varnish,  and  filter  it  through  cotton. 

At  the  mouieat  wlicn  the  first  portion  of  the  onpal  is  thrown  into 
the  essence,  if  the  powder  precipitate  itself  under  the  form  of  lampSjj 
it  is  needless  to  proceed  any  further.  This  effect  arises  from  iwc' 
causes  :  either  the  essence  does  not  possess  the  proper  degree 
concentration,  or  it  has  not  lK?en  sufficiently  deprived  of  water* 
Exposure  to  the  sun^  employing  the-€aine  matrass,  to  which  a  cork 
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T  ought  to  be  added,  will  give  it  the  qualities  reduUitc  for  ihb 
lotion  of  the  copaL     This  effect  wiU  be  Aonounced   by  the  disap- 
ice  of  Uie  portion  of  copal  already  pot  into  it. 
ther  Copal  Varn'uK 

3  oz.  of  copalj  Uqae6ed,  and 
20  oz.  of  essence  of  tuq>eotine. 
PUce  the  matrass  cootaining  the  oil  in  a  balneum  niarii&,  and  when 
the  water  l»oils  add  the  pulverized  copal  in  sraall  doses.     Keep  stir- 
'  ig  the  oiixture,  and  add  no  more  copal  till  the  former  be  incorpo- 
mth  the  oiL     M  the  oil,  in  consequence  of  its  particular  dispo- 
lioti,  can  take  up  3  ounces  of  it,  add  a  little  more ;  but  stop,  if  the 
tttid  becomes  nebulous,  then  leave  the  varnish  at  rest.     If  it  be  too 
dilate  it  with  a  little  warm  essence^  after  havinjy^  heated  it  in 
Inenm  mariie.     ^^'Len  cold,  hiter  it  through  coilou,  and  pre* 
it  in  a  clean  bottle. 
This  varnisU  has  a  good  consistence,  and  is  as  free  from  colour  at 
best  alcoholic  varnish.     ^Mien  extended  in  one  strntum  over 
lootli  wood,  which   has  undergone  no  preparation,  it  forms  a  very 
iliiant  glazing,  whiclt,  in  the  course  of  two  days,  in  summer,  ac- 
lires  all  the  solidity  that  may  be  required. 

The  facility  which  attends   Uie  preparation  of  this  varnish  by  the 
kew   method  here  indicated,  ivill  admit  of  its  being  applied  to  all 
floored  grounds  which  require  solidity,  pure  whites  alone  excepted ; 
Mnted   boxes^  therefore,   and  all   small   articles,   coloured    or  not 
Moored,  whrncvcr  it  is  reqnired  to  make  the  veins  appear  in  all  the 
:hness  of  their  tones,  call  for  the  application  of  this  varnish,  which 
lace»  the  most   beautiftil  effectj  and  which  is  more  durable  than 
itjoe  varnishes  composed  with  other  resinous  aubstanccB* 
fht  Amicr  Varnhk, 

\  6  oz.  of  amber,  coarsely  powdered, 
2  oz.  of  A'cnice  turpentine,  or  p%m  loc, 
10  oz*  of  prepared  liusced  oil,  and 
16  oz,  of  essence  of  turpentine. 
Tlie  circumstances  of  the  process  are  the  same  as  those  prescribed 
the  preparation  of  the  camphorated  cop-d  varnish. 
This  varnish  was  fortneriy  much  used  ;   but  it  has  given  placei   in 
rt,  to  that  of  copal,  which  is  preferred  on  account  of  its  being  less 
rtonrrd.      Watin  introduces   more  essence   and  Jess   linseed  oil  j 
tperienceand  long  practice  are  the  only  authority  on  which  1  fecom- 

id  the  adoption  of  the  present  forumla. 
Amber  Famish  with  Essence  of  Turpentine, 

6  or  7  ox.  of  liquefied  amber,  and  separated  from 
the  oily  portions  which  alter  its  consistence. 
luee  the  amber  to  powder,  and  if  the  operation  of  pounding  forms 
into  a  paste,  bre^ik   it   with  your  fingers  :   then  mis  it   with  the 
•ucft,  and  heat  the  whole  in  a  balneum  mariae.     It  will  speedily 
y|ve,  and  the  essence  will  take  np,  at  the  least,  a  fourth  part  of 
weight  of  the  prepared  amber. 
When  one  coating  of  it  ie  applied  to  white  smooth  wood*  bat 
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wUhoiil  any  preparatioD^  it  forms  a  very  pure  and   very  durable 
^astog,  which  Bpeedtly  dr'ies^  hut  slower  tLao  copal  varDish. 

Fat  Amber f  or  Copal  Furnish. 

4  oz.  of  amber  or  copal  of  one  fusion^ 
10  oz.  of  essence  of  turpentine,  and 
1 0  oz.  of  drying  linseed  oil. 
Put  the  whole  into   a  pretty  large  matrass,  and  ex:po<5e  it  to  tl 
beat  of  a  bRlneoui  maricR*  or  move  it  over  the  surface  of  an  uncovert* 
chaffing -diith,  but  withont  flame^  and  at  the  distaucc  from  it  of  twc 
or  three  inches.     When  tite  solution  is  coiupletcd,   add  still  a  littU 
copal  or  amber  to  saturate  the  liqold  ^  tlicn  pour  the   whole  on 
filler  prepared  with  cotton,  and   leave  it  to  ckrify  by  rest.     If  ll 
varnish  is  too  thick,  add  a  little  warm  essence  to  prevent  the  se| 
tion  of  any  of  the  amber. 

This  varniHli  is  coloured,  but  far  less   so  than  those  composed 
tite  usiihI  methods.     When    spread   over  white   wood,  without   an] 
preparation,  it  forms  a  solid  glazing,  and  comrnonicates  a  slight  tial 
to  the  wood. 

If  it  be  re<)uired  to  charge  this  varnish  with  more  copal,  or  prepared 
amber,  the  liquid  tnust  be  cooiposed  of  two  parts  of  esseuce  for  oni 
©f  oil. 

Ccmp(fund  Mastic  Furnhh. 

32  oz.  of  pure  alcohol, 
6  oz.  of  purified  mastic, 
3  oz.  of  giiui  sandarac, 

3  oz,  of  very  clear  Venice  turpentine,  aod 

4  oz.  of  glass,  coarsely  pounded. 
Beduce  the  mastic  and  sandarac  to  fine  powder  j  mix  this  powdefi] 

with  white  glass,  from  which  the  finest  parts  have  been  separated  h] 
means  of  a  liair  sieve  j  put  all  the  ingredients,  wjiii  alcohol,  into 
short* necked  matrass,  and  ndnpt  to  it  a  stick  of  white  wood,  rounded] 
at  the  endj  and  of  a  length  proportioned  to  the  height  of  the  matra'^sj 
that  it  may  lie  put  in  moLion.  Expose  the  matrass  in  a  vessel  fillc< 
with  water,  made  at  6rst  a  little  warm,  and  which  must  afterwards 
be  raaintaine*!  in  a  state  of  ebullillon  for  one  or  two  hours.  Tlu 
matrass  may  be  made  fast  to  a  ring  of  straw, 

Wlien  the  solution  seems  to  be  sufficiently  exteoded,  add  the  tar<« 
pentit>e,  which  must  be  kept  separately  in  a  phial  or  a  pot,  and  whid 
must  he  melted,  by  immersing  it  for  a  moment  in  a  balneum  marife^ 
The  matrass  must  be  still  left  in  the  water  for  half  au  hour,  at  th< 
end  of  which  it  is  taken  ofl'j  and  the  varnish  is  continualtv  atirr^dj 
till  it  ii?  somewhat  cool.  Next  day  it  is  to  be  drawn  off,  rtiid  filterei 
through  cMton.     By  these  means  it  will  become  exceedingly  limpid* 

The  addition  of  glass  may  appear  extraordinary ;  but  this  subst anc 
divides  the  parts  of  the  mixture,  which  have  been  made  with  the  <!r] 
ifigredienTs,  and  it  retains  the  same  quality  when  placed  over  the  6r< 
It  therefore  obviates  with  success  two  inconveniences,  which  mi 
exceedingly  troublesome  to  those  who  compose  varnishes.  In  tl 
first  place^  by  dividing  the  matters,  it  facilitates  the  action  of  thai 
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»bo] ;  and  in  the  second  its  weight,  vihich  surpasses  that  of  resins, 

»re>'eQts  these  resinf*  from  adhering  to  the  botiom  of  the  matrass,  and 

ho  the  coloration  acquired  by  the  varnish  when  a  sand-bath  is  em* 

slaved,  as  is  couiraonly  the  case. 

The  appllcAtion  of  this  v^arnish  is  suited  to  articles  belonj^iog  to  the 

alette,  such  as  dressing«boxe«,  cut  paper-works,  &c.     The  followitig 

IS  the  same  briHiancy  and  lustre  ;  but  they  have  more  soli(tity» 

are  exceedingly  drying. 

Camphorated  Mastic  l*arnish  for  Paintings, 

12  oz.  of  mastic,  cleaned  &nd  washedj 
i  Jp  oz.  of  pure  turpentincj 
i  oz.  of  camphor, 
5  oz.  of  white  gtans,  pounded,  and 
36  oz,  of  ethereous  essmcc*  of  turpentine, 
(e  the  varnish  according  to  the  method  Indlcuitcd  for  componnd 
flic  varnish   of  the  first  genus.     The   cuinphor  is  tniploycd   io 
:ces»  and  the  turpentine  is  added  when  the  solution  of  the  re^in  ti 
^lopleted.     But  if  the  varnish  is  to  be  applied  to  old   paintingii,  or 
igs  which  have  been  already  varnished,  llie  turpentine  may  be 
id,  as  this  ingredient  is  here  recommended  only  in  rases  of  a 
application  to  new  paintings^  and  just  freed  from  white  of  egg 
tmish. 

The  etherous  essence   recommended   for  ramisb,  is  that  distilled 
llowly,  without  any  intermediate  substance,  according  to  the  stcoud 
recess  already  given  for  its  rectification. 

The  question  by  able  masters,  respecting  the  kind  of  varnish  prt>- 
IT  to  be  employed  for  paintings,  has  never  yet  been  determined. 
Some  artists^  who   have  paid  particular  attention    to  this  object, 
lake  a  mystery  of  the  means  they  employ  to  obtain  the  desired  t-ffect. 
le  real  end  may  be  accomplished  by  giving  to  the  varnish,  destined 
tinting^  pliability  and  softness,  without  being  too  solicitous  in 
to  what  may  add  to  its  consistence  or  its  solidity.     The  latter 
is  particularly  requisite  in  varnishes  which  are  to  be  applied 
tides  much  exposed  to  friction,  such  as  boxes,  furniture,  &c, 
^0  make  Painter* s  Cream, — Painters,  who  have  long  intervals  be- 
reen  their  periods  of  labour,  are  accustomed  to  cover  the  parts  they 
lave  painted  with  a  oreparation  which  preserves  the  freshness  of  the 
doors,  and  which  they  can  remove  when  they  resume  llieir  work, 
~  is  preparation  is  as  follows  : 
3  oz,  very  clear  nut  oil, 
-i-  oz,  mastic  in  tears,  pulverized,  and 
J  oz,  sal  sat u mi,  in  powder,  (acetate  of  lead.) 

dissolve  the  mastic  oil  over  a  gentle  fire,  and  pour  the  mixture  into 
marble  mortar,  over  the  pounded  salt  of  lead  ,  stir  it  with  a  wooden 
!Stle,  and  add  water  in  small  quantities,  till  the  matter  assume  the 
»pearaDcc  and  consistence  of  cream»  and  refuse  to  admit  more  water. 
Sandarac  Farntth. 

8  OS.  go  m  sandaraCf 
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2  OS*  pounded  mastic^ 
4  oz.  dear  turpentine, 

4  oz.  poanded  glass,  and  ;  * 

32  oz.  alcohol, 
MiSy  and  ditiolye  as  before. 

Compound  Sahdarac  Varnish, 

3  oz.  ponnded  copal  of  an  amber  colour,  once  liquefied, 
6  oz.  gum  sandarac* 

3  oz.  mastic,  cleaned, 
2i  oz.  clear  turpentine, 

4  oz.  ponnded  glass,  and 
32  oz.  pnre  alcohol. 

Mix  these  ingrecuents,  and  pnrsne  the  same  method  as  above. 

This  varnish  is  destined  for  articles  snbject  to  friction,  snch  as 
fomiture,  chairs,  fan-sticks,  mouldings,  &c.  and  even  metals,  to  which 
it  may  be  applied  with  success.  The  sandarac  gives  it  great  dvmbilitj. 

Camphorated  Sandarac  Famish  for  cut  Paper  Works,  Drtssmg 
Boxes,  8fc, 

No.  1.— >6  oz.  gam  sandarac^ 
4  oz.  gum  elemi, 
1  oz.  gam  aoima, 
i  oz.  camphor, 
4  oz.  pounded  glass,  and 
32  oz.  pure  alcohol. 
Make  the  varnish  according  to  the  directions  already  given.     The 
soft  resins  matt  be  pounded  with  the  dry  bodies.    The  camphor  is 
to  be  added  in  pieces. 

No  2. — 6  oz.  gallipot,  or  white  incense, 
2  oz.  gam  animi, 
2  oz.  gum  elemi, 
4  oz.  poaaded  glass,  and 
32  oz.  alcohol. 
Make  the  varnish  with  the  precautions  indicated  for  the  compound 
mastic  varnish. 

The  two  last  varnishes  are  to  be  used  for  ceiliogs  and  wainscots, 
coloured  or  not  coloured  :  they  may  even  be  employed  as  a  covering 
to  parts  painted  with  strong  colours. 

Spirituous  Sandarac  Varnish  for  Wainscotting,  small  Ariiekt  rf 
Fumiturct  Balustrades,  and  inside  Railing, 
No.  1.— 6  oz.  of  gum  sandarac, 
2  oz.  of  shell  lac, 
4  oz.  of  colophonium,  or  resin, 
4  oz.  of  white  glass  |;>owdered, 
4  oz.  of  clear  turpentine,  and 
'32  oz.  of  pure  alcohol. 
Dissolve  the  varnish  according  to  the  directions  given  for  com* 
pound  mastic  varnish. 
This  varnish  is  sufficiently  durable  to  be  applied  to  articles  destined 
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daily  and  contmual  use.     ^'arniahe8  compoBod  with  ^pal  ooght^ 
urcvcr.  in  these  cases,  to  be  preferred. 

No,  2 — There  is  another  coiDpositioo  which,  without  fonniog  part 
the  cotapoiuid  Tarnisbes,  is  employed  with  surccss  for  giving  a 
»lUh  and  lustre  to  furniture  made  of  wood :  wax  forms  the  basis 
it. 

Many  cabinet-makers  are  contented  with  waxing  ooinmon  farniture, 

as  tables,  chests   of  drawers^  he.     Thin  covering,  by  ineani  of 

ted  friction,  soon  acquires  a  polish  and  transparency  which  rc- 

tbles  those  of  varnish.     Waxing  seems  to  possess  qualities  peco*- 

ir  to  itself ;  but,  like  varniahj  it  is  attended  with  inconveniences  as 

rU  as  advantages. 

Varnish  sopplica  better  the  part  of  glaring ;  it  gives  a  lostre  to 

wood  which  it  covers,  and  hetghtf^ns  the  colours  of  that  destined^ 

:uiar»  for  delicate  articles*     These  real  and  valuable   ad  van* 

arc  counterbalanced  by  its  want  of  coniiiteooe  j  it  yields  too 

to  the  slirinking  or  swelling  of  the  wood,  and  risca  in  scales, 

•fits,  on  being  exposed  to  the  slightest  shock.  These  accidi-nts  can 

repaired  only  by  new  B(rat:i  of  varnisfi,   nhich  render  application 

the  varnishcr  necessary,  aud  occasion  trout»lc  and  eiLpciise. 

["Waxing  stands  shocks  ;  but  it  docs  not  possess^  in  the  snroe  degree 

Tarnish,  the  property  of  giving  lustre  to  the  bodies  on  which  it  it 

died,  and  of  heightening  their  tints.     The  lustre  it  comnsunicatea 

dull,   but   this  inconvenience  is  compensated  by  the  facility  ivitU 

Itch  any  accident  that  may  hnve  altered  ibi  poli%h  can  be  repaired^ 

jobbing  it  with  a  piece  of  fine  cork.     There  are  some  circum* 

ices ^  therefore,  under  wiiich  the  application  of  wax  ought  to  l^e 

jfcrred  to  that  of  varnish.     This  seecns  to  l^e  the  cane  in  priicuUr 

kbles  of  walnut -tree  wood,  exposed  to  diily  use,  chain,  moukl* 

id  for  all  small  articles  subject  to  constant  employment. 

as  it  is  of  importance  to  make  the  stratum  of  wax  as  thin  m 

tbte  in  order  that  the  veios  of  the  wood  may  be  more  appareal, 

{irooecs  will  be  acceptable  to  tbe  reader. 

Ofver  »  moderate  fire,  in  a  very  deaa  Te»sel»  two  aancei  pt 

or  yellow  wax ;  and,   whea  Uqoeficd*    ftdd   foor  oatioei  ef 

of  turpentine.     Stir  the  wMe  vstil  tt  Is  entirely  cool, 

lesolt  will  be  a  kmd  ol  pom»it  U  for  waxtog  fumicore,  and 

(t  be  rubbed  over  tkedl  wotoidmg  to  the  vmuI  mklml. 

96  of  turpentioc  is  mmm  dtseipeieri  ;  bet  tlte  wax,  vhidi  by 

■uxtora  is  redoeed  to  s  ileie  of  ftvy  greet  dinaioB,  say  be  cs- 

wick  ndre  oae,  aad  ia  m  more  mMtnm  afca»ocr.  -  Tbe  ca* 

eilb  Ibitb  Ibeoektf  pi 

bilrtVbUb   dMMBM* 

kftfucnf  eCitoiapM* 


I  iKBCtraiw  ibepeceiof  tbt  woed 

tbe  wmx  lo  adbere  betler,  end  tbe 

k  «|imI  to  tb^  or  varakb*  iHlboel 


Coiomrtd  Fmnukfir  FioimM,  ^ti  wiker 

4oi.feaMad 
3oi.mdke» 
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03S.  naitic, 

1  oz.  Benjanio  in  tears, 

4  oz.  pounded  glass, 

2  OJ5.  Venice  tnrpentioe,  and 
32  oz.  pare  alcohoi. 

The  gam  sandarac  and  lac  render  this  varnish  doralle :  it  may  be 
coloured  with  a  little  safiron  or  dragon's  blood. 
Fat  Varnish  of  a  gold  colour, 
8  oz.  amber, 
2  oz.  gum  lac, 
8  oz.  drying  linseed  oil,  and 
1 6  oz.  essence  of  turpentine. 
Dissolve  separately  the  gam  lac«  and  then  add  the  amber,  prepar- 
ed and  pulverized,  with  the  linseed  oil  and  essence  very  warm.  WJmb 
the  whole  has  lost  part  of  its  heat,  mix  in  relative  proportions^  tinc- 
tures of  annatto,  of  terra  mcrita,  gum  ffuttae,  and  dragon's  blood. 
This  varnish,  when  applied  to  white  metals,  gives  them  a  gold  colour. 
Fal  Turpentine  or  Golden  Faarmsk,  being  a  mordant  to  gold  and 
dark  colours. 

16  oz.  boiled  linseed  oil, 
8  oz.  Venice  turpentine,  and 

5  oz.  Naples  yellow. 

Heat  the  oil  with  the  turpentine  -,  and  mix  the  Naples  yellow  pnl* 
rerized. 

Naples  yellow  is  an  oxide  of  lead,  the  composition  of  which  wiU 
be  given  when  we  come  to  treat  of  colouring  substances.  It  is  sub- 
stituted here  for  resins,  on  account  of  its  drying  qualities,  and  in  par* 
ticular  of  its  colour,  which  resembles  that  of  gold  3  great  use  is 
made  of  the  varnish  in  applying  gold  leaf. 

The  yellow,  however,  may  be  omitted  when  this  species  of  varnish 
is  to  be  solid  end  coloured  coverings.     In  this  case  an  ounce  of  li- 
tharge to  each  pound  of  composition  may  be  substituted  in  its  stead, 
without  this  mixture  doing  any  injury  to  the  colour  whieh  is  to  con- 
stitotethe  gronnd,  f/a  teinte  dure.) 
Turners'  Varnish  for  Box  Wood, 
5  oz.  seed  lac, 
2  oz.  gum  sandarac, 
I^  oz.  gum  eicmi, 
2  oz.  Venice  turpentine, 
5  oz.  pounded  glass,  and 
24  oz.  pure  alcohol. 
The  artists  of  St.  Claude  do  not  all  employ  this  formula^  which 
required  to  be  corrected  on  account  of  its  too  great  dryness,  which 
is  here  lessened  by  the  turpentine  and  gum  elcmi.     This  composition 
is  secured  from  cracking,  which  disfigures  these  boxes  after  they  had 
been  used  for  some  months. 

No.  2.— -Other  turners  employ  the  gum  lac  united  to  a  little  elemi 
and  turpentine  digested  some  months  in  pure  alcohol  exposed  to  (he 
sun.     If  this  method  be  followed,  it  will  be  proper  to  substitute  for 
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the  saodarac,  the  same  quantity  of  gum  lac  reduced  to  powder,  and 
DOt  to  add  the  turpentine  to  the  alcohol,  which  ooght  to  be  eiceed- 
ingly  pure>  till  towards  the  end  of  the  infusion. 

Solar  infusion  requires  care  and  attention*  Vessels  of  a  siiffielent 
size  to  allow  the  spirituous  v-apours  to  circulate  freely  ouglit  to  he 
employed,  because  it  is  necessary  that  the  vessels  should  be  closely 
shut.  Without  this  precaution  the  spirits  would  l>econie  vreakeoed, 
and  abandon  the  resin  which  they  laid  hold  of  during  the  first  days 
of  exposure.  TIlis  perfect  obitoration  will  not  admit  of  the  vesscU 
being  too  full. 

In  general^  the  varnishes  applied  to  articles  which  may  be  pot  ioto 
the  lathe  acquire  a  great  deal  of  brilliancy  by  jwlishing  5  a  piece  of 
woollen  cloth  is  sufficient  for  the  operation,  if  tuqientine  predomi- 
nates too  much  in  these  compositions  the  polish  does  not  retaio  its 
lustre,  because  tire  heat  of  the  hands  h  capable  of  softening  the  tarw 
face  of  the  vnrnisib^and  in  this  state  it  readily  tarnishes. 

To  varnish  Drt^ssing  iJoxM.— The  most  of  spirit  of  wine  vnrnishc9 
arc  destined  for  covering  preliininary  preparations,  which  have  a  cer- 
tain degree  of  lustre.  They  consist  of  cement,  coloured  or  not  co- 
loured,  charged  with  landscnpes  and  figures  cut  out  in  paper,  n  Inch 
produces  an  effect  under  the  transparent  varnish  :  most  of  the  dres- 
sing boxes*  and  other  small  articles  of  the  same  kind,  are  covered 
witn  this  particular  rompo^itiou,  which,  in  general,  consists  of 
three  or  four  coating?*  of  Spanish  uhite  pounded  in  water,  and  mixed 
up  with  pnrchment  glue.  The  fir^t  coating  is  smoothed  with  puui- 
tfiice^stone^  and  then  polished  with  a  piece  of  new  linen  and  water, 
Tbeeoating  in  this  state  is  fif  to  receive  the  destined  colour,  after  it 
baa  been  ground  with  water,  and  mixed  with  parchment  glue  dduted 
with  water.  The  cut  figures  with  which  it  is  to  be  erabellished,  are 
then  applied,  and  a  co:iiiog  of  gum,  or  fish-glue  is  spread  over  them» 
to  prevent  the  varnish  from  penetrating  to  the  preparation,  mid  from 
siK>iling  the  figures.  The  openition  is  finished  by  applying  three  or 
fonr  coatings  of  varnish^  which,  when  dry,  arc  polished  nith  tripoli 
and  water,  by  means  of  a  piece  of  cloth.  A  lustre  is  then  gi%*en  to 
the  surface  with  starch  and  a  bit  of  doe«fikin,  or  very  soft  cloth. 

Gailipot  Farnisk. 

12  oz.  galhpot,  or  white  incensci 
5  oz.  white  glass,  {founded, 
2  oz.  Wnice  turpentine,  and 
32  oz.  essence  of  turpentine. 
Make  the  variilsh  after  the  while  incense  has  been  pounded  with  glass. 

Some  authors  recommend  mastJc  or  sandarac  in  the  room  of  galli- 
pot ;  but  the  varnish  is  neither  more  lyeautiful  nor  ojorr  dur^ible. 
VVhen  the  colour  is  ground  with  the  preceding  varnii^h,  and  mixed 
up  with  the  Utter,  which,  if  too  thick,  is  thinned  with  a  little  c«* 
sencc,  and  whicli  \f^  applied  immediately,  and  without  any  Mxu^,  to 
boxes  and  otlier  nrticles,  the  coatingfv  acquire  suflicieut  strength  to 
reaifli  the  blows  of  a  msllct.  Uut  if  the  varni^th  be  applied  to  a  bi^ed 
coloar,  it  must  be  covered  with  a  varnish  of  the  first  or  second  genus. 
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Mastic  Gallipot  f^arnisAt  for  grinding  Colours, 

4  OK.  new  gallipot,  or  while  mceose^ 
2  QZ,  mtistic, 
6  oz.  V^eiiice  turpcDtine, 
4  oz.  pounded  glass,  and 
.32  oz.  essence  of  torpentine. 
When  the  varnish  is  made  mtU  the  prccautioos  already  indical 
add  prepared  nut  oil  or  Unseed  oil   two  oonces. 

The  matters  ground  with  this  varnish  dry  more  slowly ;  they 
then  mixed  op  with  the  following  varnish,  if  it  be  for  common  paii 
ing,  or  with  parlicolar  varnishes  destined  for  colours  and  for  groui 
Mordant  Varnish  fur  Gilding, 

]  oz,  of  mastic^ 
1  oz.  of  gum  sandaraCj 
^  oz,  of  gum  gatiEC, 
^  oz.  of  turpentine,  and 

(>  oz.  of  essence  of  tnrpentine.  

Some  arti.sts  wlio  mnlte  use  of  mordant,  substitute  for  the  tnrp««* 
line  an  ounce  of  ihe  essence  of  lavender,  vrhich  renders  this  com* 
position  still  Irss  drying. 

In  general,  the  composition  of  mordants  admits  of  oiodiiicati( 
according  to  (he  kind  of  work  for  which  they  arc  destined.     The 
plication  of  them,  however,  is  confined  chictly  to  gold.     When 
required  to  fill  up  a  design  with  gold  leaf  on  any  ground  whatever, 
composition   whicli  is  to  serve  as  the  means  of  union  between 
metal  and   the  ground,  ought  to  be  neither  too  thick  nor  too  6ui 
because  both  these  circumstances  are  equally  injurious  to  delicacy 
the  strokes ;  it  will  be  requisite  also  thnt  the  composition  should 
dry  till  the  artist  has  completed  his  design. 

Other  ^fordants.  No.  1 . — Some  prepare  their  mordants  with  Jel 
pitch  and  drying  oil  diluted  with  essience  of  turpentine.  They  cmpi 
It  for  gilding  pale  gold,  or  for  bronzing. 

Other  artists  imitate  the  Chinese,  and  mix  with  their  mordi 
colours  proper  for  assisting  the  tone  which  they  are  desirous  at  gii 
to  the  gold,  such  as  yellow,  red,  &c. 

Others  employ  merely  fat  varnishi  to  which  they  add  a  little 
oxide  of  lead  (minium). 

Others  make  use  of  thick  glue,  in  which  they  dissolve  a  Ut 
honey.  This  is  what  they  call  hatture^  Wlien  they  are  desirous i 
heightening  the  colour  of  the  gold,  they  employ  this  glue,  to  vrV 
the  gold  leaf  adheres  exceedingly  well. 

No.  2. — ^The  qoiiHties  of  the  following  are  fit  for  every  kind  of 
plication,  and  particularly  to  metals.     Expose  boiled  oil  to  a  stj 
neat  in  a  pan  :  when  a   black  smoke  is   disengaged  from  it, 
on  fire,  and  extinguish  it  a  few  laomcntt)  after   by  putting  on 
cover  of  the  pan.     Then   pour  the  matter  still  warm,  into  a  heat 
bottle,   and  add  to  it  a  little  essence  of  turpentine.     This  mordi 
dries  very  speedily  ;  it  has  body  and  adheres  to,  and  strongly  rctai 
fold  leaf,  when  applied  to  wood,  metals^  and  other  eubstaaoet. 
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Famish  for  Pales  and  coarse  Whod^-worh. — Take  any  quantity  of 
Ur,  and  grind  it  with  as  much  Spanish  brown  as  it  will  bear,  without 
rendering  it  too  thick  to  be  used  as  a  paint  or  varnish,  and  then 
spread  it  on  the  pales,  or  other  wood,  as  booq  as  cxjnvenient,  for  it 
qaickly^  hardens  by  keeping. 

This  mixture  nan»t  be  laid  on  the  wood  to  be  Taratehed  by  a  large 
brnsh,  or  Louse  painter  s  toi>l  |  and  the  work  should  then  be  kept  ait 
free  from  dust  and  insects  as  possible,  till  the  varnish  be  thoroughly 
dry.  It  will,  if  laid  on  smooth  wood,  have  a  very  good  gloss,  and  is  an 
excellent  preservation  of  Jt  against  moisture  j  on  which  acconnt,  as 
well  as  its  being  cheaper,  it  is  far  preferable  to  painting,  not  only  for 
pales,  bnl  for  weatlier-hoarding,  and  all  other  kinds  of  wood-work 
for  grosser  porposes.  Where  the  glossy  brown  colour  is  not  liked, 
tbe  work  may  be  made  of  a  greyish  brown,  by  mixing  a  small  pro- 
portion of  white  lead»  or  whiling  and  ivory  black>  with  the  Spanish 
brown. 

A  Black  Farnish  for  Old  Straw  or  Chip  Hats. 

^  03!.  of  best  black  sealing  wax,  and 
2  oz.  of  rectified  spirit  of  wine. 

Powder  the  sealing-wax,  and  pot  it  with  the  spirit  of  wine,  into 
a  four-oaoce  phial  ;  digest  them  in  a  simd  heat,  or  near  a  fire,  till 
the  wax  is  dissolved  ;  lay  it  on  warm  wilh  a  fine  soft  hair-brnsh,  be- 
fore a  fire  or  in  tbe  sun.  U  gives  a  good  sstiffness  lo  old  straw  hats, 
and  a  beautiful  gloss«  equal  to  new,  and  resists  wet. 

To  make  Famish  for  coloured  Drawings* 

1  oz.  of  Canada  balsam,  and 

2  oz.  of  spirit  of  turpentine. — Mix  them  together* 
Before  this  composition  is  applied,  the  drawing  or  print  should  be 

atzedwilh  a  solotion  of  isinglass  in  water;  and  when  dry,  apply 
tbe  ramish  with  a  cameVs-hair  brush. 

To  make  Fnrmshfnr  FFoodj  which  resists  the  action  of  Boiling  Water. 
— Take  a  pound  and  a  half  of  linseed-oil,  and  boil  it  in  a  red  copper 
Tcsset,  not  tinned,  holding  suspended  over  it,  in  a  small  linen  bag,  5 
o2.  of  litharge,  and  3  oz.  of  pulverized  minium  ;  taking  care  that  tbe 
bag  does  not  touch  the  bottom  of  the  vessel.  Continue  the  ebullition 
until  the  oil  acquires  a  deep  brown  colour  j  then  take  away  the  bag, 
and  substitute  another  in  its  place,  contjuning  a  clove  of  garlic  -,  con- 
tinue the  ebullition,  and  renew  the  clove  of  garlic  seven  or  eight 
dmcs/or  rather  put  them  all  in  at  once. 

Then  throw  into  the  vessel  a  pound  of  yellow  ambcr^  after  having 
melted  it  in  the  following  manner  : — Add  to  the  pound  of  amber, 
well  pulverized,  two  ouuccs  of  linseed  oil,  and  place  the  whole  on  a 
strong  fire.  When  the  fusion  is  complete,  pour  it  boiling  into  the 
prepared  linsecd-oil,  and  continue  to  leave  it  boiling  for  two  or  three 
minutes,  stirring  tbe  whole  up  welL  It  is  then  left  lo  settle  j  the 
composition  is  decantcred  and  preserved,  when  it  becomes  cold,  in 
well-corked  bottles. 

After  polishing  the  wood  on  which  this  varnish  is  to  be  applied, 
give  to  the  wood  the  colour  required  ;  for  instance,  for  walnut  wood^ 
ft  slight  coat  of  a  mixture  of  soot  with  the  essence  of  turpentlnt. 
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When  ibis  colour  is  perfectly  dry«  give  it  a  coat  of  varnish  with  a 
line  sponge,  ki  order  to  spread  it  very  equal  *,  repeat  these  coati 
four  times,  taking  care  always  to  let  the  preceding  coat  be  dried. 

To  Famish  Drawings  and  Card-work. — Boil  some  clear  parchment 
cuttings  ki  water,  in  a  glazed  pipkiu^  till  they  produce  a  very  clear 
size.    Strain  it»  and  keep  it  for  use. 

Give  the  work  two  coats  of  the  siz^,  passing  the  brush  quickly  over 
the  work,  not  to  disturb  the  colours. 

To  prepare  a  Composition  for  making  coloured  Drawings  and 
Prints  resemble  Paintings  in  Oil. 

1  oz.  of  Canada  balsam,  and 

2  oz.  of  spirit  of  turpentine. — Mixt  togeUier. 
Before  this  composition  is  applied,  the  drawing  or  print  should  be 

sized  with  a  solution  of  isinglass  in  water,  and  when  dry,  apply  the 
varnish  with  a  cumel*hair  brush. 

To  Varnish  Harps  and  Dulcimers. — Prepare  the  work  with  aize  and 
red  ochre,  then  take  ochre,  burnt  umber,  and  red  lead,  well  ground, 
and  mix  up  a  dark  brown  colour  in  turpentine  varnish,  adding  as 
much  oil  of  turpentine  tliat  the  brush  may  just  be  able  to  pass  over 
the  work  fair  and  eveu.  While  yet  wet,  take  a  muslin  sieve,  and  sift 
as  much  Dutch  metal,  previously  powdered,  upon  it,  as  is  requisite 
to  produce  the  effect,  after  which,  varnish  and  polish  it. 

To  Famish  G/a55.— Pulverize  a  quantity  of  gum  adragant,  and  let 
it  dissolve  for  twenty-four  hours  in  the  nuite  of  eggs  well  beat  up ; 
then  rub  it  gently  on  the  glass  with  a  brush. 

To  Garnish  Balloons.  No,  I . — ^The  compositions  for  varnishing 
balloons  have  been  variously  modified  -,  but,  upon  the  whole,  the 
most  approved  appears  to  be  the  bird-lime  varnish  of  M.  Faujas  St. 
Fond,  prepared  after  M.  Cavallo's  method  as  follows  :  "  In  order  to 
render  linseed  oil  drying,  boil  it  vnth  2  ounces  of  sugar  of  lead,  and  3 
ounces  of  litharge,  for  every  pint  of  oil,  till  they  are  dissolved,  which 
may  be  in  half  an  hour.  Then  put  a  pound  of  bird-lime,  and  half  a 
pint  of  the  drying  oil,  into  an  iron  or  copper  vessel,  whose  capacity 
should  equal  about  a  gallon,  and  let  it  boil  very  gently  over  a  slow 
charcoal  fire,  till  the  bird-lime  ceases  to  crackle,  which  will  be  in 
about  half,  or  three-quarters,  of  an  hour ;  then  pour  upon  it  two 
and  a  half  pints  more  of  the  drying  oil,  and  let  it  boil  abont  an 
hour  longer  -,  stirring  it  frequently  with  an  iron  or  wooden  spatola. 
As  the  varnish,  whilst  boiling,  and  especially  when  nearly  ready, 
swells  very  much,  care  should  be  taken  to  remove,  in  those  cases^  the 
pot  from  the  fire,  and  to  replace  it  when  the  varnish  subsides  ;  other- 
wise it  will  boil  over.  Whilst  the  stuff  is  boiling,  the  operator  should 
occasionally  examine  whether  it  has  boiled  enough,  which  may  be 
known  by  observing  whether,  when  rubbed  between  two  knives, 
which  are  then  to  be  separated  from  one  another,  the  varnish  forms 
threads  between  them,  as  it  must  then  be  removed  from  the  fire. 
When  nearly  cool,  add  about  an  equal  quantity  of  oil  of  turpentine. 
In  using  the  varnish,  the  stuff  must  be  stretched,  and  the  varnish  ap- 
plied lukewarm.     In  24  hours  it  u  ill  dry." 
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As  the  elastic  fwin,  knowu  by  the  name  of  rndiaD  rubber^ 
much  extolled  for  a  varnish,  the  fo)lou  iog  tnethod  of  making 
It,  as  practised  by  M.  IJIanchard,  may  not  proie  nuacceptable,^ 
Dissolve  ekslic  gum,  cot  small,  in  five  times  its  weight  of  rectified 
fSBseotia)  oil  of  turpeotine,  by  keeping  theui  some  dnys  together : 
then  boil  I  ounce  of  this  eotutioD  in  8  ounces  of  drying  linseed  oil  for 
a  few  minutes  ;  strain  the  solution^  and  use  it  warm. 

To  Garnish  Rarejied  Air  Balloons, — With  regard  to  the  rareficd-air 
tuachlnes.  M.  Cavailo  recommenddj  first>  to  soak  the  cloth  in  a  koIo- 
tiou  of  saJ^ammonUc  and  common  size,  using  one  pound  of  each  to 
every  gallon  of  water  ;  and  when  the  cloth  is  quite  drj-,  to  paint  it 
over  on  the  inside  with  &(»me  earthy  colour,  and  strong  size  or 
glue.  \^Tien  this  paint  has  dried  perfectly,  it  will  then  he  proper  to 
cover  it  with  oily  VErntsh,  which  might  (fry  before  it  coutd  penetrate 
quite  through  the  cloth.  Simple  drying  linseed  oil  will  answer  the 
purpose  as  well  aa  any,  provided  it  be  not  very  fluid. 

To  Paint  Sail-Cioth,  itc,  so  oj  to  he  pliant,  durable,  and  impervi* 
OSS  to  fVater. — This  process,  which  is  extracted  from  the  Transaci'mn9 
of  thv  Socielj/  of  Arts,  is  now  universaJiy  practised  in  the  public 
dock-yiirds. 

The  paint  usually  laid  upon  canvas  hardens  to  such  a  degree  as  td 
cracky  and  eventually  to  breuk  the  canvas,  which  renders  it  unser* 
viceahle  In  a  short  time  :  but  the  c:invas  painted  in  the  new  manner 
is  so  superior,  that  all  canvas  used  in  the  nnvy  is  thus  prepared  ;  and 
a  saving  of  a  guinea  is  made  in  every  one  hundred  squire  yards  of 
caiiVHS  so  painted. 

The  old  mode  of  pamting  can^s,  was  to  wet  the  amvas,  nod 
prime  it  with  Spanish  brown  j  then  to  give  it  a  second  coal  of  a  cho- 
colate colour,  made  by  mixing  Spajiish  brown  and  black  paint :  and, 
lastly 4  to  finish  it  with  black. 

The  new  method  ts  to  grind  96  lbs.  of  English  oclire  with  boiled 
oil,  and  to  add  IG  Ibs^of  black  paiot,  which  mixture  forms  an  indif- 
ferent black.  A  pound  of  yellow  soap  dissolved  in  six  pints  of  water 
over  the  fire^  \^  mlxed^  while  hot,  with  the  p»int.  This  compo- 
sition in  then  laid  upon  the  canvas,  (without  being  wetted,  ns  in  the 
usual  way,)  as  stitf  as  can  conveniently  be  done  ^ith  the  lir«sh|So  as 
to  form  a  smooth  surface  ;  the  next  day,  or  still  better,  on  the  second 
tiny,  a  second  coat  of  ochre  Hiid  blnck  (without  «o) ,  or  but  a  *'ery 
Ai0a11  portion  of  soap)  is  laid  on,  ami  allowing  this  coat  an  interme- 
diate day  for  drying,  the  canvas  is  then  finished  with  tdack  paint  as 
nsual.  Three  days  being  then  allowed  for  it  to  dry  ai*d  harden,  it 
does  not  stick  together  when  taken  down,  and  folded  in  cloths  con- 
Uioing  60  or  70  yards  each  j  and  canvas  finished  entirely  with  the 
ition,  leaving  it  to  dry  one  day  twlwoen  each  coat,  will  not 
together,  if  laid  in  quantities. 

ft  has  been  ascertained  from  actoal  trials,  that  the  solotion  of  vet- 
low  toap  is  a  preservative  to  red,  yellow,  and  black  paints,  m\ieu 
groand  in  oil  and  pot  into  casks,  as  they  acquire  no  improper  hard* 
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Bess,  and  dry  id  a  remarkable  maaner  when  laid  on  with  iLe  b 
'Without  the  use  of  tlieasual  drying  articles. 

It  ia  SDrpriBtng  that  the  adaption  of  soap,  which  is  so  well  kno 
to  be  misciOle  with  oily  substHnces,  or,  ut  least,  the  alkali  of  wh: 
it  16  composed,  has  not  already  been  brought  into  use  in  the  com 
sition  of  oil  colours. 

Coloured  Compositions  for  rendering  Linen  and  Chtk  impenetr 
io  Water. — Begin  by  uashiog  the  stutf  with  hot  water  ;  then  dry 
rub  it  between  the  hands  until  such  time  as  it  becomes  perfectly  s 
pie;  aflernards  spread  it  out  by  drawing  it  into  a  frame^ 
give  it,  with  the  aid  of  a  brush,  a  first  coat,  composed  of  a  inixt 
of  eight  quarts  of  boiling  Imseed  oil,  15  grammes  of  calcined  am 
and  acetate  of  lead,  (of  each  l^grammti)  to  which  add  00 ^ram 
of  lamp-black.  For  the  second  coat  use  the  same  ingredients 
above,  except  the  calx  of  lead.  This  coat  will  give  a  few  hours, 
cording  to  ihc  season ;  afterwards  take  a  dry  plasterer's  brush, 
rub  the  stuff  strongly  with  it^  when  the  hair  by  this  operation 
become  very  smooth.  The  tlnrd  and  last  coat  wiU  give  a  perfect 
nlorablejet  black. 

Or  rather  take  \2  t|uarlB  of  boiling  linseed  oil.  30  grammet  of 
bcr,   15  grammes  of  acctalc  of  lead,  7^  sulphate  of  zinc,  15  Pnissii 
btnCy  ind  7\  verdigris  ^  mix  them  very  fine  with  a  little  oil^  and 
120  grammes  of  lamp-black.     These  coats  are  used  at  discretion, 
is  done  with  paintiug. 

To  Thicken  Linen  Cloth  for  Screem  and  Bed  Testers. — Grind  wl 
ting  with  zinc,  and  to  prevent  cracking,  add  a  tittle  honey  to  il 
then  take  a  soft  brush,  and  lay  it  upon  the  cjoth,  and  so  do  two 
Ibree  timcD,  suffcriug  it  the  mean  while  to  dry  between  layings 
•nd  for  the  last  laying,  smooth  it  over  with  Spanish  white,  gro 
with  linseed  oil,  the  oil  toeing  first  heated,  and  mixed  with  a  sm, 
quantity  of  the  litharge  of  gold,  the  belter  to  endure  the  weatbi 
mnd  so  it  will  be  lasting 
,  Common  ^«jr,  or  Famished  Cloth, — 'The  manofacture  of  this  ki; 
of  cloth  is  very  simple.  The  cloth  and  linseed  oil  are  the  prind 
ftrtides  required  for  the  establishment.  Common  canvas,  of  an  o] 
And  coarse  texture,  is  extended  on  large  Irames,  placed  under  shi 
the  sides  of  which  are  open,  so  as  lo  adbrd  a  free  passage  to  the 
ternal  air.  The  manner  in  which  the  cloth  is  fastened  to  these  frai 
b  as  follows  :  it  is  5xed  to  each  side  of  the  frame  by  books  wb 
catch  the  edge  of  the  cloth,  and  by  piecea  of  strong  packthread  pa 
Irg  through  holes  at  the  other  extremity  of  the  hooks,  which  are  i 
round  moveable  pegs  plaCL'd  in  the  lower  edge  of  the  frame.  The 
cbanism  by  which  the  strings  of  a  violin  are  stretched  or  unstretch 
will  give  some  idea  of  the  arrangement  of  the  pi^gs  employed  for 
teadiug  the  cloth  in  this  apparatus.  By  these  means  the  cloth 
be  easily  stretched  or  relaxi»Jj  when  the  oily  varnish  has  exercised 
action  on  its  texture  In  the  course  of  the  operation.  The  whole  t>e 
thus  arranged,  a  liquid  paste  made  with  drying  oil^  which  may  IM 
Yaried  at  pleasure,  is  applied  to  the  doth 
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f^  makt  iJauid  Paste  untk  Drying  O;/.— Mit  Spitiish  wbite  or 
fohacco-pipc  clay,  or  any  otiier  ,  with  water,  uud 

'itiivc  It   44t    rent  80111C  hour*,  uh  ut.  to  separate  th« 

jirgiilaceous  ()ftrl5«  nod  to  firoducc  a  ^ecUmvat.  Stir  the  sediment  with 
a  biLKjrn,  to  coiuplelc  the  division  of  the  curth  }  uitd  aftur  it  lias 
rented  some  seconds,  deatiit  the  turind  water  into  ao  cortlicn  or 
*roodco  veftJK^L  By  this  process  the  cJirth  will  bo  Si^i>;irated  from  the 
64ind  aud  othif  foreign   (KKlie>i>   whicU  ufe  pr  ,   and   wkidi 

m\k^l   be  throwo   awuy.      If  the  ciirtb  ha»  been  i  by  the  same 

process^  on  a  hirge  scale,  it  i»  divided  by  kuciidinif  ie«  TUo  super* 
DaUat  water  is  thrown  aside,  and  the  s<^dtii:kGnt  ]duccd,  in  slt»%'e8,  oa 
piect's  of  clotb«  where  it  is  sutfered  to  drain:  it  is  then  uiiKed  up  with 
j9il  rendered  drying  by  a  large  dose  of  litharge^  that  ia  about  a  fourtii 
of  the  xveight  of  the  oil.  The  cunsi«tencd  of  thin  paste  being  given 
to  the  mixture,  it  is  spread  over  the  cloth  by  ineaos  of  an  iron  spatu- 
U»  the  length  of  which  is  equal  to  that  of  the  breadth  of  the  clotb. 
This  t>pu1ula  perforins  the  part  of  a  knife,  and  putties  forward  (lie 
excess  of  matter  above  the  quantity  sutiicient  to  cover  the  cloth. 
Whcu  the  first  stratum  ia  dry,  a  second  is  applied.  The  iQequa)iti(!t 
produc'.'d  by  the  courseiicss  of  the  cloth,  or  by  an  uacquu]  exteu^lou 
.of  the  pAAte,  are  smoothed  down  with  pumice-stone.  The  pumice* 
|i#toiie  is  reduced  to  powder^  and  rubbed  oier  the  cloth  with  a  piece  of 
•oft  serge  or  cork  dipped  in  water.  The  cloth  mu&t  then  be  well 
washed  in  water  to  clean  it ;  and  after  it  is  dried^  a  varnish  of  gum 
kc  dissolved  in  linseed  oil  boiled  with  turpeotiaej  u,  to  be  apjSied 
to  it. 

This  preparation  produces  yellowish  varnished  cloth.  When 
wanted  black,  mix  lamp-black  with  the  Spanish  white,  or  tobacco- 
clay,  which  forms  the  basis  of  the  liquid  paste.     Various  shades 

grey  may  be  obtained,  according  to  the  quantity  of  lamp-blitck 
whidi  is  added.  Umber,  Cologne  earth,  and  different  ochry  argilla- 
ceous earths,  may  be  used  to  vary  the  tiuts^  without  caubtug  any 
addition  to  the  expense. 

To  prepare  Jine  Printed  Varnished  Cloths. — The  process  just  de- 
scribed fur  manufacturing  common  varnished  and  polished  clo^f, 
viny  serve  to  g:ive.somc  idea  of  that  employed  for  making  fine  elms 
of  I  he  same  kind,  decorated  with  a  coloured  impression.  1'he  manu- 
•Hactoncs  of  Germany  have  varnished  cloths  embellished  with  large 
tind  ^Qv,i\\  fiubjects,  ligures,  and  landscapes,  well  executed,  and  which 
WkT€'-  destined  for  covering  furniture  subjected  to  daily  use. 

This  pixK'CSS,  which  is  only  an  improvement  of  the  former,  requires 

fwir^r  p.TStc»  fliul  cloth  nf  a  more  delicate  texture.  The  stratum  of 
ed  iti  the  iiier,  and  when  dry  and  polii^hcd,  (he 

►I  n  from  (Ik  and  removed  to  the  piiutcr's  tablet 

(Whcrc  liic  »rt  of  the  colourist  and  designer  is  fi  under  % 

l^'tlj^  umI  forms  ;  and,  as  in  that  of  printed  cniiOB-  a  ricll- 

.  nud  a  distribution  of  li  discover  tatte* 

t  rcitdy  »aic  for  the  articlr  d. 

The  processes^  howcvefj  employed  ia  these  two  uti  to  ei^trict  tho 

3  C 
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colouring  parts  tire  not  tbc  siinie.     In  tlie  art  of  cotton  priDtfng  tl 
-colours  are  extracted  by  the  bath,  as  in  that  of  dyeing.     In  print! 
Tarnished  cloths,  the  colouring  parts  are  the  result  of  tbo  union 
drying  oil  mixed  with  vamish  -,  and  the  different  colours  employed 
oil  painting  or  painting  in  varDish. 

The  varnish  applied  to  common  oil  cloth  is  composed  of  gom 
tnd  drying  linseed  oil ;  but  that  destined  for  printed  varnished  dot 
requires  some  choice,  both  in  regard  to  the  oil  and  the  resinons  mati 
which  gives  it  consistence.     Prepared  oil  of  pinks  and  copaJ  form 
Tarnish  very  little  coloured,  pliable,  and  solid. 

To  prepare  Famished  Silk.     No.  1 . — Varnished   silk,  for  niakii 
umbrellas,  capots,  coveringR  for  hats,  &c.  is  prepared  in   the 
ftianner  as  the  varnished  and  polished  cloths  already  described^ 
%ith  some  variation  in  the  liquid  paste  or  varnish. 

If  the  surface  of  the   silk  be  pretty  large,  it  is  made  fast  lO' 
wooden  frame  furnished  with  books  and  moveable  pegs,  such  as  tl 
used  in  the  manufQCture  of  common  varnished  cloths.     A  soft  past 
composed  of  linseed  oil,  boiled  with  a  fourth  part  of  Jttfaj 

bacco-pipe  clay,  dried  and  sifted  thro«gh  a  silk  sieve,  16      

,  litharge  ground  on  porphyry  with  water,  dried  and  sifted  in  the  sni 
manner,  3  parts  ;  and  lamp-black,  1  part.  This  paste  is  then  sprci 
ID  an  uniform  manner  over  the  surface  of  the  silk,  by  means  of 
long  knife,  having  a  handle  ut  each  extremity.  In  snmrocr,  twent 
lour  hours  are  sufficient  for  its  desiccation.  \\'hen  dry,  the  kn< 
produced  by  the  inequalities  of  the  silk  are  smoothed  Hith  pQDii< 
Btone.  This  operation  is  performed  with  water,  and  when  finisht 
the  surface  of  the  silk  is  washed.  It  is  then  suffered  to  dry,  and 
copal  varDi<^h  is  applied. 

'  If  it  be  intended  to  \M\hh  this  varnish,  apply  a  second  strtti 
mher  which  polish  it  with  a  ball  of  cloth  and  very  fine  tripoli. 
Ttmished  silk  thus  made,  is  very  black,  eTCceedingly  pliable,  and  bat^ 
me  polish.  It  may  be  rumpled  a  thousand  ways  without  retainil 
uny  fold,  or  even  the  mark  of  one.  It  is  light,  and  thereby  pi 
for  coverings  to  hats,  and  for  making  cloaks  and  capii  bo  tis<  ' 
ItAvellers  in  wet  weather. 

%»Jo.  2, — A  kind  of  varnished    silk,    which  hns  only  a  ycllowil 
rolour,  and  which  suffers  the  texture  of  the  ^tnff  to  appear,  is 
pared  with  a  mixlnre  of  3  parts  boiled  oil  of  pinks,  and  l  part  of 
copal  n^arnish,  which  is  extended  with  a  coarse  brush  or  a  knife, 
strata  are  sufficient  when  oil  has  been  freed  from  its  greasy  parti 
ot-er  a  slow  hre,  or  when  boiled  with  a  fourth  part  of  its  weight 
lithiirgc. 

The  ineqimlities  are  removed  by  pamice-stonc  and  water ; 
m^hich  the  copal  varnish  is  applied.  This  simple  operation  gives 
%hite  silk  a  ycllo^v  colour,  which  arises  from  the  boiled  oil  and 
Tarnish. 

Thii  varnished  silk  possesses  all  those  qnalities  ascribed  to  ceftJ 
pre (urrot ions  of  silk  which  are  recommended  to  be  worn  as  jackets 
pcrnoiis  subject  to  rheumatism, 


TSwf^WffM.^dear  ofTtbc  filth  with  a  ley  mule  of  poUgli^ 
and  the  ashes  of  the  lecii  of  wioo  j  then  take  46  ciunCGS  of  potash, 
and  16  of  the  above- meiitioncd  asbet,  and  put  ibem  iuto  6  quarts  of 
water,  and  this  completes  the  Icy, 

To  polish  Varnuk, — Thb  is  eflected  with  puroicc-atoii€  »»d  Tripoli 
csrlh.  The  pumtce^stone  must  be  reduced  to  un  impalpatilti  |M>vvder, 
Mud  nat  upon  a  piece  of  serge  molsteoad  ivith  water  \  with  thta  rtib 
lightly  niid  equally  the  varnished  substance.  The  tripoli  must  also 
be  reduced  to  a  very  fine  powder,  and  pat  upon  acleao  woollen  ch)tb« 
puii$tctied  with  olive  oil,  with  which  the  poli*»V(iiig  is  to  be  performed. 
The  varnish  is  then  to  be  wiped  off  with  soft  linen,  and  when  quite 
dry,  cleaned  with  starL-h  or  Spanish  white,  and  rubbed  witli  the  palm 
of  the  hand. 


ANTI- ATTRITION. 

"o  prepare  Anti-AttrHhn, — According  to  the  apecification  of  the 
mtent,  this  mixture  consists  of  one  hundred  weight  of  plumbago,  to 
four  hundred  v.cight  of  bog's-lard,  or  other  grease  j  tl»c  two  to  be 
well  incorporated.  The  application  Is  to  prevent  the  effects  of  fric- 
tion in  alt  descriptions  of  engines  or  niachtnes  \  and  a  atifHcicnt 
qaaniity  roast  be  rubbed  over  the  surface  of  the  uxk|  spindle,  or 
other  part  where  the  bearing  is. 


ASSAYING  OF  METALLIC  ORES. 

lefore  metallic  ores  are  worked  upon  in  the  large  way,  it  will  be 
isafy  to  enquire  what  sort  of  metnl,   and  what  portion  of  it,  is 

be  found  in  a  determined  quantity  of  the  ore  ;  to  discover  f^hcther 

wtU  be  worth  while  to  extract  it  largely,  and  in  what  manner  the 
|iri»ce^!i  is  to  l>e  conducted,  fin  as  to  answer  that  purpose.  The  koow* 
iedgc  retjuisile  for  ihis,  is  calleJ  ibu  art  of  a^sayin^.  ^ 

yitsmf  of  Ores  in  Ue  Dry  IVay, — Tbc  assaying  ol*  ores  may  be  per- 
»rincd  either  in  the  dry  or  moist  way  j  the  first  is  the  most  ancient* 
[and,  in  mnny  respects,  the  most  advatita|^oa5j  and  coDsoqueo(J|  stUl 
Icontinues  to  be  mostly  used. 

Assays  are  made  either  in  crui^ibles  with  the  blast  of  the  bellows, 

it!  testa  under  a  motTlc. 

jimay  UVight^. — The  assay  weight*  are  always  imaginary,  soroe- 
[time^  Tin  ounce  represents  an  hundred  weight  on  the  Inrjfe  kcnle,  and 
[is  *  i  int4>  the  same  rmniber  of  parts,  as  th^i^  \  ueight 

'is   ii  At  \  5o  that  the  eonienis  of  the  ore  ol  the  aa* 

say,  hiwtii    r  -t     •  iiinc  by  such  relative  proper tjou,  liie  quan- 

tity to  lie  .  sj.rt  t,  y  weight  of  the  orciin  a  hr^cr  scale. 

Jltftiiting  the  Ortt. — In  I  1ms  lotting  of  the  oreSj  care  should  tie  takea 

Iatc  email  portions  frooi  dilferriit  spccimcDs^  wbidi  abould  bo  pul« 
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verized,  and  well  mixed  in  an  iron  or  bmss  mortar.     Ttie  proper 
qnaotity  of  the  ore  is  now  taken,  and  if  it  contain  either  sulphur  or 
arsenic,  it  is  put  into  a  crucible  or  test,  and  exposed  to  a  moderate 
degree  of  heat,  till  no  vapour  arises  from  it ;  to  assist  this  volati 
tion,  some  add  a  small  quantity  of  powdered  charcoal. 

Fiuxes.     To  assist  the  fusion  of  the  ores,  and  to  convert  the 
traoeous  matters  connected  with  them  into  scoria,  assayers  usq 
fercnt  kinds  of  fluxes.     The  most  usual  and  efficacioua  material 
the   composition  of  these   are,  borax,    tartar,  nitre,  sal  amrooni 
common  salt,  glass,  fluor-spar,  charcoal  powder,  pitch,  lime>  litharge, 
&c.  in  different  proportions. 

Crude  of  Wtite  Ftux. — This  consists  of  1  part  of  nitre,  and  2  d 
tartar,  well  mixed  together.  l 

B/ack  Flux. — The  above  crude  flux  detonates  by  means  of  kindled 
charcoal,  and  if  the  detonation  be  eflTected  in  a  mortar  slightly  covered, 
the  smoke  that  rises  unites  with  the  alkaliBcd  nitre  and  the  tartar, 
and  renders  it  black, 
Cornuh  Reducing  Flux. 

1 0  oz.  of  tartar, 

^  oz»  and  6  drachms  of  nitre,  and 
3  02,  and  1  drachm  of  borax.'— Mixt  well  togetb 
Cornish  Refining  Fltix, — Deflagrate^  and  afterwards  pulverize^ 
irta  of  nitre,  and  I  part  of  tartar. 

The  above  fluxes  answer  the  purpose  very  well,  provided  the  oi 
be  deprived  of  all  their  sulphur  ^  or»  if  they  contain  innch  earthy  m 
ters,  because,  in  the  latter  case,  they  unite  with  them,  and  conv 
thcui  into  a  thin  glass  :  but  if  any  quantity  of  sulphur  remain,  th 
luxes  unite  with  it.  and  form  a  liver  of  sulphur,  which  has  the  po 

destroying  a  portion  of  all  the  metals  ;  consequently,  the 
inder   sach  circumstances  must  be  very  inaccurate.    The  priw 
difliculty  in  assaying  appears  to  be  in  the  appropriation  of  the  pi 
per  fluxes  to  each   particular  ore,  and  it  likewise  appears,  that 
discriminating   knowledge  can  only  be  acquired  from  an   extensi 
pnKtice,  or    from    a  knowledge  of  the   chemical   affinities  and  ai 
tiftn  of  diflcreut  bodies  upon  each  other. 

In  assaying,  we  are  at  liberty  to  use  the  most  expensive  roatortal 
effect  our  purpose,  hence,  the  ase  of  different  saline  fluxes  ;  but 
\\\e  working  at  lurge,  such  expensive  means  cannot  be  applied  ;  as 
inch  procfises  the  inferior  metals   would  be  loo  much  cnlanced 
rnluo,    especially  in  working   very  poor  ores.     In   consequence 
which,  in  smelting  works,  where  the  object  is  tlie  production  of  met 
in  the   great  way,   cheaper  additions  arc  used  j  such  as  lime-slon 
feldt-spar,  fluor-spar,  quartz,   sand,  slate,  nnd  slags.     These  arc 
be  chosen  according  to  the   different  views  of  the  operator,  and   I 
nature  of  the  ores.     Thus  iron  ores,   on  account  of  the  argiibicec: 
CHrth  they  contain,  require  calcareous  additions,  and  the  copper  or 
Fiithcr  slags  or  vitrescent  stones,  than  calcareous  earth. 

Humid  Assay  of  Metallic  Ores, — The  mode  of  assaying  orca  I 
their  particular  metals  by  the  dry  way,  is  dcAcient  no  far  us  relates 


kioting  out  the  difTerent  siibetance«  eottDCcted  with  tliem,  liecaotio 

ley  are  nlirays  destroyed  by  the  process  for  obtaining  lUe  mkiv 

letal.     The  assay  by  the  tuoi«t  wny  is  more  corrcrt,  because  (he  dlN 

[fereiii  8ub*tlaDces  can  be  accarately  aacertaiued.    The  late  cr.lebiatod 

^Ifrgman  first    communicated    this    loethod*       It   dopeudti    upoti    » 

[OOU'JccJgc    of   the  chemical  al£nitiea  of  different    bodicn  for  ciicll 

►iher  J  and  must  be  varied  according  to  the  nutui  e  of  the  ore  ;  it  i$ 

»ry extensive  in  its  application,  and  requires  great  patience  and  ad- 

IreiiS  in  its  ejcecution.     To  describe  the  treatment  of  each  variety  of 

taliic  ores,   would  take  op  too  much  of  our  room  ;  but  to  give  n 

ral  idea,  wc  shall  describe  the  proccdorej  both  In  the  dry  and  the 

"  way,  on  one  species  of  all  the  different  ores. 

Aytay  Ir<^n   Ores.    No.  1 . — The  ore  must  be  roasted  till  the 

'npoar  ceases  to  arise.    Take  2  assay  qointals  of  it*  and   tritura(« 

rin  with  one  of  fluor-spoTj  |  of  a  qnintai  of  powdered  charcoal, 

lud  4  cjuitttals  of  decrepitated  sea  salt ;  this  mixture  is   to  be  put 

ito  a  crocible,  lined  on  the  inside  with  clay  and  powdered  charcoal ; 

cover  must  be  luted  upon  the  crucible,  as\d  the  crucible  itself  €X- 

to  a  Ytolent  ftre  for  an   hour,  and  when  it   is  cool*   brokcii. 

rn,  if  the  operatioahas  beer*  well  conducted,  tlie  iron  will  be  fouad 

bottom  of  ihe-cmcible  ^  to  wliich  must  be  added  those  mctaU 

irticles,  wlilch  may  adhere  to  the  scoria.     TIic  metallic  particles 

idheriog  may  be  separated »  by  palverisiog  it  in  paper,  and  thea 

ttracting  them  with  a  magcet. 

No.  2. — If  the  ore  shoald  be  iti  a  calcifom  state,  mixed   with 

1S4  the  roasting  of  it  previous  to  assaying,  if  not  deirimeotalj  is 

It  supcrfluoiis  i  if  the  earths  should  be  of  the  argillaceous  and 

kind,  10  half  a  quintal  of  them,  add  of  dry  quick  lime  and 

r-^par  of  each  I  quintal  and  ^^  reduced  to  powder,  and  mix  them 

(th  ^of  a  quintal  of  powdered  charcoal,  covering  the  whole   w^ith 

ounce  of  decrepitated  common  salt  ;  and  expose  the  luted  emu* 

to  a  stroojr  forge  fire  for  an  boor  and  a  quarter,  theu  let  Itgridu- 

II y  cool,  and  let  the  regains  be  ilrock  off  and  weighed. 

Xo«  3.-^If  the  ore  cpntaio  caleareoos  earth,  there  trill  be  00  oocn- 

to  add  quick  lime  ;  the  proportion  of  the  iflcrsdScaU^  m&f  kto  m 

rsi-^vix.    I  assay  quintal  of  the  ore;  )   <?  dccfeptnted  «ias- 

\  of  powdered  cbarooal ;  and  I  of  flaor*tpar,  and  tha  prooeM 

above. 

is  a  great  differeoce  in  the  regnli  of  troo  ;  mhm  the  oold 

it  sirock  with  a  hammer  and  breaks,  the  iron  fa  aSM  cold 

1/  ii  break  on  hciof  Btmk  red-hot,  Jt  is  called  red  abort ; 

it  reaiai  the  hamner^  both  In  ila  cold  and  jfvilod  tlaAe^  u  is 

Aottf  of  Iron  Ore,^To  assay  Iha  calcifom  Ofca,  which  do 

•odi  earlier  or  atoay  Mttter,  they  imal  haredaeBd  to  a 

aad  disaofred  In  the  valine  acid*  and  pred^ilated  by 

pmuetan  aikalL     A  determinate  qaaatity  oi  lh6  Phusin  aihafi 

btt  Ified  prcrionsly^  to  asctrtain   the  poctiott  oC  \nm  which  it 

pnofutaie^  muA  the  catinaie  isad«  accofib^,    U  the  ttim 


contain  any  con^iJerahle  portion  of  zinc  or  maDgaiiese,  the  preclf 
i^te  niust  be  calcined  to  redness,  and  the  calx  treated  with  d«{>b] 
^gisricattd  uitruos  acid,  which  will  ibeo  take  np  only  the  calx 
^^inc  i  when  this  h  separated,  the  calx  sboold  again  be  treated  eltl 
with  nitrouM  actd,  with  the  addition  of  sugar,  or  vrith  the  acct( 
Acid,  which  will  dissolve  the  manganese,  if  any  ;  the  remaining  c« 
•f  iron  may  then  be  dissolved  by  the  marine  acid^  and  precipitat 
by  the  mineral  alkali ;  or  it  may  t)e farther  calcified«and  then  weighi 

Zinc  Ores, — Take  the  aesay  weight  of  roasted  ore,  and  mix 
well  with  ^  p;*rt  of  charcoal  duit,  put  it  into  a  strong  luted  earthc 
retort,  to  which  mnst  be  fitted  a  receiver  ;  place  the  retort  in   a  fu| 
iiace,   and  raise  the  fire,    aud  continue  it  in  a  violent  heat  fur  l> 
honrs,  suffer  it  then  to  ck>o1  ^raduuDy,  and  the  zinc  will  be  found  m 
Jlering  to  the  neck  of  the  retort  in  its  metallic  form. 

In  ike  humid  wa^.— Distil  vitriolic  acid  over  calatniae  to  drynewi 
^t^e  residoum  mast  be  lixiviated  in  hot  water  ',  what  remains  undi< 
l#oived  is  siliceous  earth  ;  to  the  solution  add  caustic  volatile  alkali 
rhich  precipitates  the  iron  and  argil,  but  keeps  the  zinc  in  soluiioc 
[The  precipitiite  must  be  re-dissolved  in  vitriolic  acid,  and  the  iroi 
I  and  argil  neparated. 

Tin  Ores, — Mix  a  quint*)  of  tin  ore,  previously  washed,  pulverij 
|€d,  and  roojited,  till  no  ureenical  vapour  arises,  with  hidf  a  quintal 
calcined  bornx,  and  thcsume  quantity  of  pulverized  pitch  j  these  ai 
to  be  pat  into  a  crucible  moistened  with  chHrcouUdubt  and  watci 
and  the  crnctl>le  phced  in  an  air  furnace.  After  the  pitch  itt  burul 
give  a  violent  ficat  for  a  quarter  of  an  hour»  and  on  withdrawing  ll 
crncible,  the  regulus  will  be  found  at  the  bottom.  If  the  ore  be  n< 
well  washed  from  earthy  matters,  a  larger  quantity  of  borax  will 
requisite,  with  some  powdered  gla^B ;  and  if  the  ore  contain  irt 
i«ome  alkaline  snk  may  be  added. 

Jn  the  humid  way, — The  assay  of  tin  orc»  in  the  liquid  way,  wi 
ltx>kcd  upon  os  ImprHCticable,  till   Bergman  devised  the   folio wii 
loethod,  which  is  generally  successful.     Let  the  tin  ore  be  well  eej 
rated  from  its  stony  matrix,  by  well  washing,  and   then  reduced  to 
the  most  subtle  powder  j  digest  it  in  concentrated  oil  of  vitriol,   in 
ilronghent  for  several  honrs,  then,  when  cooled,  add  a  »mall  (»oriii 
Hf  eoiiccntmted  marine  acid,  and  Bufirer  it  to  stand  for  an  hoar  or  twi>j 
then  add  WHtcr,  and  when  the  sohition  is  clear,  pour  It  off,  and  pr 
dpltatcit  byfixod  alkali^ — 131  grains  of  thia  precipitate,  well  w«tl 
ed  and  dried,  arc  equivalent  to  100  of  tin  in  its  regulino  state,  if  tj 
precipitate  consist  of  pure  tin  j  but  if  it  contain  copper  or  iron,  it  mi 
De  calcined  in  a  red  heat  fur  an  hour,  and  then   diget<ted  in  nitrou 
Dcid,  which  will  take  up  the  copper ;  and  afterwards  in  marine  acidj 
which  will  separate  the  iron. 

Lead  Ores. — As  most  of  the  lead  o!ie»  contain  either  sulphur  of 
arsenic,  they  rrqnirc  to  be  well  ro^tated.  Take  a  quintal  of  rojst«d 
ore,  with  the  same  quiintity  of  calcined  borax,  half  a  quintal  of  hno 
powdered  glass,  a  quarter  of  a  quintul  of  pitGb>and  ai  much  cleM 
iron  filings.    Line  the  etDcible  with  wetted  cbanoal  dait^  and  put 


A 


Arrmfiu%^. 


^m  mixture  mlo  the  crucible,  Aiid  pkcis  It  before  the  bellows  of  m. 
forge-fire.  When  It  h  red  hot,  rnise  the  fire  for  15  or  20  niioul«t| 
Cbeu  uritbdraw  the  crucible,  ftnU  break  it  when  ccild. 

In  the  humid  wny^^^ihs^oWe  the  ore  by  boiiiog  it  \n  dilate  nitrous 
itcld  ;  the  sulphur,  iniiolublc  stony  |)artS|  and  calx  of  iroo  will  reuiam* 
The  iron  may  be  sepamtcd  by  di^cKtioD,  in  th«  iriAruie  acid,  and  th» 
sutphnr  by  digestion,  in  caustic  6xcd  nlknii.  The  nitrous  nolutioB 
cx>ntjiin8  the  lead  and  silver,  wh>€!h  should  be  preciyntabfed  by  the 
tomernl  fixed  alkali,  and  the  precipitate  well  wanlied  in  cold  water, 
«iried,  and  weighed.  Digest  it  in  cau«tic  voUttie  alkali,  which  will 
take  up  the  calx  of  silver*  the  rcaiduum  being  again  dried  aad 
lA-eighed,  gives  the  proportion  of  the  calx  of  lead«  132  groiinf  «f 
'lich  are  equal  to  100  of  lead  in  its  metallic  state.  The  diflTefw 
of  weight  of  the  precipitate  bcfort  and  after  the  applicaiioa 
Tif  the  volatile  alkali,  gives  the  quantity  of  eilver,  J  29  graint  of  which 
•re  equal  to  100  of  silver  in  its  iii<:tailic  atate* 

Coftptr  Ores, — Take  an  exact  troy  ounce  of  the  ore,  prcvioimly  puU 
rerized,  and  calcine  it  well  y  stir  it  all  the  lime  with  on  iron  rod, 
aritboot  removing  it  from  tho  crucible  -,  after  the  calcination  add  an 
1 0qiial  quantity  of  borax,  half  the  quantit)'  of  fotible  glaaa,  onc-fourtli 
ItM^Qintity  of  pitchy  and  a  little diarooai-dott ;  rub  the  toner  aur« 
'  of  tbe  crucible,  wtlh  a  |jaste  eonfNwed  of  charcoal-doat.  a  Utile 
powdered  day  and  water  Cover  the  mass  with  coomcii  aak, 
and  put  a  Hd  on  the  crocibie^  which  ia  to  be  pbie<^  in  a  fnmaee  :  th^ 
6re  b  to  be  ratted  gradually,  tiU  itbomt  bmkly,  and  Ibtcradblecoii- 
tittsed  in  it  for  kdf  no  bour,  sttrriog  tlie  ncUt  fraqamJy  wilb  tm 
liroo  rod,  ami  wbea  the  soom  vhkk  adlMra  to  Cbe  rod  niptin 
ciear^thentliecivcilrleBUtbetakaiOQt^uilMfcedtooool^  dUr 
wlucti  it  Dial  be  br^alcai,  awl  tie  n^griat  Hfriil  mm!  irg%lndf 
tkis  ts  called  bbck  eovper*  to  refae  vbiel^  «nttatfto  af  tmmmm 
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The  regal  113  i?ill  be  found  at 


€ible,  and  let  it] cool  gradually. 
Ikottom. 

In  the  Humid  tcay. — ^Blsmuth  is  easily  soluble  in  nilroos  acid 
fiqna-regia.  Its  solution  is  colourlees,  and  is  precipiiable  by  the  ai 
<lition  af  pore  water  -,  118  grains  of  the  precipitate  from  nitrous  a 
^ell  washed  and  dried,  are  equal  to  100  of  bismuth  in  its  metal! 
form. 

'    Jntimonial  Ores. — ^Takc  a  common  craciblej  bore  a  ntimbcr 
email  holes  in  the  bottom,  and  place  it  in   another  crucible  a  si 
imaller^  luting  thera  well  together,   then   put  the  proper  quantity 
ibre  in  small  lomps  into  the  «pper  crucible,  and  lute  thereon  a  cove 
^plrice  these  vessels  on  a  hearth,  and  surround  them  with  stones  aboi 
%\K  inches  distant  from  them  ;  the  intermediate  space  must  be  fill 
%ith  ashes,  so  that  the  undermost  crucible  may  be  covered  with  them 
but  upon  the  upper  cliarcoal  roast  be  laid,  and  the  whole  made  r< 
hot  by  the  assistance  of  hand-beliows.     The  antimony  beinfj  of  eat 
fosion  is  separated,  and  runs  through  the  holes  of  the  upper  ves 
into  the  inferior  one,  where  it  is  collected. 

•     Humid  Assay  of  Arsertiated  ^niimon^.— Dissolve  the  ore  in  aq 
tegta,  both  the  regutas  and  arsenic    remain  in  the  solution,  the  sul- 
phur is  separntetl  by  filtration.     If  the  solntion  be  boiled  with  twi 

'tts  weight  of  strong   nitrous  acid,  the  rcgulus   of  antimony  will 
irt'cipitated,  aud  the  argenic  converted  into  an  acid,  ivhich  may 

!*«l>tained  by  evaporation  to  dryness. 

^    Manganese  Ore. — The  regulus  is  obtained  by  mixing  the  calx  i 

[tare  of  miin^ancse  with  pitch,  making  it  toto  a  batl»  and  potting  it  in 
crocit>lc,  lined  with  |x>wdered  charcoal,  I-lOth  of  an  inch  on  t 
lides,  and  J  of  an  inch  at  bottom,  then  filling  the  empty  space  wi 
iharcoal  dust,  covering  the  cracible  with  another  inverted  and  Itit 
and  exposing  it  to  the  strougest  heat  of  a  forge  for  an  hour 

rSDore^ 

f«    In  the  Humid  Jf^y.-— »The  ores  shoukl  be  first  well  roasted  to  de- 

j^hlogi<iticatc  the  calx  of  manganese  and  iron,  if  any,  and  (hen  treat 

fjwiih  nitrous  ncid  to  dissolve  the  earths.     The  residuum  should  no' 
be  treated  with  nitrous  acid  and  sugar,  by  which  means  a  colourl 
■olution  of  maugnnese  will  be  obtained,  and  likewise  of  the  iron, 

,any.     Precipitate  with  the  Prussian  alkali,  and  digCKt  the  precipi 
In  pure  water ;  the  prussiate  of  m«ngaucse  will  be   difisolved,  whi 

'the  prussiatc  of  iron  will  remain  undissolved. 

Arsenical  Ores. — This  assay  i«   made  by  subliraation  in  close  ti 
ftels.     Beat  the  ore  into  sniail  pieces,  and  put  them  into  a  matrass/ 

■which  place  in  a  sand-pot,  with  ti  proper  degree  of  heat ;  t!ie  arsenic 

'•ublimes  in  this  operation,  and  adheres  to  the  upper  part  of  the  vea^ 
fl ;   when  it  most  be  carefully  collected  with  a  view  to  ascertain  v 
light,     Somcliraes  a  single  sublimation   will  not   be  sufficient,  for 

Ltlie  arsenic  in  many  cases  wilt  melt  with  the  ore,  and  prevent  tli 
total  volfllilizJiliMii  J  in  which  case  it  ia  better  to  perform  the  first 
suMimaiion  with  a  moderate  heat,  and  afterwards  brqitie  the  cf* 
iDJUnder  again,  and  expose  it  to  a  stronger  heat* 
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In  the  Humid  K'ay.— Digest  the  ore  in   aiarioc  iicid>  Jidding  the 

by  degrees  to  help  tbc  soluliuu.     The  sulphur  ivilt  be  funud  oit 

filrer ;  the  arseDic  will  remain  in  the  sohition,  and  ntny  be  prcci- 

^ated  in  its  metallic  form  by  zioc,  nddiog  spirit  of  wine  to  the  so- 

ilion. 

Nickel  Ore, — The  ores  must  be  well  roasted  to  expel  the  5iilphor 
'  arsenic  5  tbc  greener  the  caljc  proves  daring  thi»  torrefartioo, 
more  it  abounds  in  the  nickel ;  but  the  redder  it  is,  the  more 
it  contains.     The  proper  qnsntity  of  this  roasted  ore  is  fuse<f  iu 
a  open  crucible,  with  twice  or  tlirice  its  weight  of  black  flux,  nnd 
le  whole  covered  with  comuioa  salt.     By  exposing  the   crucible  to 
be  strongest  heiit  of  a  forge-fire,  and  making  the  fusion  complete^ 
regulus  will  be  produced.     This  regulus  is  not  pure,  but  contains  a 
•rlion  of  arsenici  cobalt,  and  iron.     Of  the  first  it  may  be  deprived 
a  fresh  calcination,  with  the  addition  of  powdered  charcoal  ;    and 
the  second  by  scortfication  ;  but  it  is  with  difficulty  that  it  is  en- 
sly  freed  from  the  iron* 

In  the  Humid  IVay, — By  solntioa  in  nitrons  acid,  it  is  freed  from 
sulphur  ;  and  by  adding  water  to  the  solution,  bismuth,  if  any, 
ly  be  precipitated:  as  may  silver,  if  contained  in  it,  by  the  marine 
:id  ;  and  c-opper,  when  any,  by  iron. 

To  sepurntc  cobalt  from  nickel,  when  the  cobalt  is  in  considerable 
intitity,  drop  a  saturated  solution  of  the  roasted  ore  in  nitrous  acid 
ito  lit|uid  volatile  alkali ;  the  cobaltic  part  is  instantly  re-dissolved 
id  assumes  a  garnet  colour  j  when  filtered,  a  grey  powder  remains 
the  filter,  which  is  the  nickel.  The  cobalt  may  be  precipitated 
>m  the  rolatile  alkali  by  any  acid. 

t'olall  Or«.— Free  thcin  as  much  as  possible  from  earthy  matters 
well  washing,  and  from  sulphar  aud  arsenic  by  roasting.  The 
thus  prepared  is  to  be  mixed  with  three  parts  of  black  flux,  and  a 
ttle  decrepitated  sea-salt  :  put  the  mixture  in  a  lined  crucible^  cover 
and  place  it  in  a  forge-fire,  or  in  a  hot  furnace,  for  this  ore  is  very 
icult  of  fusion. 

WUcn  well  fused>  a  metallic  regulus  will  be  found  at  the  bottom, 

>red  witlt  a  scoria  of  a  deep  blue   colour  :  as  almost   all  cobalt 

contuio  bismuth,  this   is  reduced   by  the  same  operation  as  the 

^ulns  of  cobalt :  but  as  they  are  incapable  of  chemically  uniting 

'ler,  they  arc  always  found  distinct  from  each  other  in  the   cru- 

tte»     'V\\c  re^'uluB  of  bismuth  havinj;  a  greattr  specific  gravity,    is 

my%  At  tJie  hot  torn,  and  may  be  separated  by  a  blow  with  a  hammer. 

In  the  Humid  H^ay, — Make  a  sololton  of  the  ore   in  nitrous  acid, 

^       •       niid  cvai)oratc  to  dryness  ;  the  residuum,  treated  with 

will  yield  to  it  the  cobaJlic  part;  the  arsenic  should 

jtit'fij  Hated  by  the  addition  of  water. 

•  Mercurial  Orrr.— >Thc  calclfono  ores  of  mercury  are  easily  reduced 

]tho  *  !  litioD.     A  quintal  of  the  ore  is  put  into  a  retort,  and 

rec(  on,  conlaintni?  «ome  water  ;  tlie  retort  is  placed  ia  a 

•tiam^  Mfui  a  iu\''  '  of  heat  given  it,  to  force  over  llit 

irj  which  i.  L  '•atcf  of  the  reccivcf. 
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Snlpkutated  Mercurial  Ores. — The  sulpliDreotiB  ores  are  mstay< 
by  distillation  m  the  tnatiner  above,  oniy  these  ores  require  an  eqai 
freight  of  clean  irou-filings  to  bo  aiixed  with  tbe&i>  to  disengage 
iiilphiir»  while  the  heat  volatilizes  the  mercury,  and  forcca  it  into 
receiver.  These  ores  should  likewise  be  tried  for  cinnabar,  to  k]i< 
whether  it  will  answer  the  purpose  of  extracting  it  from  them : 
this  a  determiaate  quantity  of  the  ore  is  finely  powdered  and  put 
«  glass  vessel,  which  is  exposed  to  n  gentle  heat  at  6rst,  and  gradi 
increased  tilt  nothing  more  is  sublimed.  By  the  qoantity  thus  acqai 
m.  judgment  may  be  formed  whether  the  process  will  answer*  Boni 
times  this  cinnabar  is  not  of  so  lively  a  colour  a3  that  wliicb  is 
in  trade ;  in  this  ca&e  it  may  be  re6ned  by  a  second  snblimatioa,  ai 
H  it  be  still  of  too  dark  a  colour,  it  may  be  brightened  by  the  ad( 
tion  of  a  qnantity  of  mercory^  and  subliming  it  again. 

Humid  Assay  of  Cinnabar. — The  stony  matrix  should  be  dissolve 
in  nitrous  acid^  and  the  cinnabar^  being  diseogaged,  should  be  boiU 
'in  8  or  10  times  its  weight  of  aqua  regia,  composed  of  3  parts  njtroai 
and  1  of  m.irinc  acid.  The  mercury  may  be  precipitated  m  ita 
Bing  form  by  zinc. 

Silver  Ores. — ^Take  the  assay  quantity  of  the  ore  finely  powndei 
and  roast  it  well  in  a  proper  degree  of  beat,  frequently  stirring 
with  an  iron  rod ;  then  add  to  it  about  double  the  quantity  of  gn 
ttulatcd  lead,  put  it  in  a  covered  crucible,  and  place  it  in  a  furnace i 
laise  the  fire  gently  at  hrst.   and  continue  to  increase   it  graduall] 
till  the  metal  begins  to  work  j  if  it  should  appear  too  thick,  make 
thinner  by  the  addition  of  a  little  more  lead  |  if  the  metal  shool 
boll  too  rapidly,  the  fire  should  be  diminished.      The  surface  will 
covered  by  degrees  with  a  mass  of  scoria,  at  which  time  the  met 
ibould  be  carefully  stirred  with  an  iron  hook  heated,    especially  t< 
wards   the   border,  Jest  any  of  the  ore  should  remain   undissolved^ 
ind  if  whnt  is  adherent  to  the  hook  when  raised  from  the  crucibU 
'Ibelts  quickly  again,  and  the  extremity  of  the  hook,  after  it  is  gTo\ 
[cold,  is  covered  with  a  thin,  shining,  smooth  crust,  the  scoriAcation 
^rfect  'f  bat,  on  the  contrary,  if  while  stirring  it,  any  considt 
lamminess   is   perceived  in  the  scoria,  and  when   it  adheres  to  tl 
book,  though  red  hot,  and  appears  unequally  tinged,  and  seems  di 
or  rough,   with  grains  interspersed  here  and   there,  the  scorificat 
IS  incomplete ;  in  consequence  of  which  the  fire  should  be  increased 
4  little,  and  what  adheres  to  the  hook  should   be  gently  beaten  off, 
and  returned  with  a  small  ladle  into  the  crncible  again.     When  the 
icorification  is  perfert,  the  metal  should  be  poured  into  a  cone,  pre- 
'irioiisly  rubljcd  with  a  little  tallow,  and  when  it  becomes  cold,  the 
'scoria  may  be  separated  by  a  few  strokes  of  a  hammer.     The  buttoa 
l(a  the  produce  of  the  assay. 

By  Cupe/htion.'-'Tnke  the  assay  quantity  of  ore,  roast  and  grind 
^It  with  an  equal  portion  of  litharge,  divide  it  into  2  or  3  jjarls,  and 
'*'rap  each  up  in  a  small  piece  of  paper  ;   put  a  cupel  pronously  sei 
^#oncd  under  a  muffle,  with  about  6  times  the  quantity  of  lead  upon  H 
When  the  lead  begins  to  work,  carefully  put  one  of  the  papers  upon 
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afUr  thifl  tt  ftbMfriMd^  put  od  n  i^ecoud,  and  «o  ott  lUl  the  wboI« 

tity  is  introduced}  thcQ  raise  the  (\rc,  and  as  llie  eoorU  Is  {brnied, 
U  be  tftken  ii(>  by  the  cupels  and  at  last  the  silver  will  remain 
This  vi'ill  be  the  produce  of  tlie  ftssay,  unless  the  lend  coq- 
A  email  portioo  of  silver,  which  jnay  be  discovered  by  {mtting 
equal  c|uaiitiiy  o£  the  satue  lead  on  another  cupel «  aod  working  it 
lit  the  t»&mQ  time  ;  if  any  silver  be  produced  it  must  be  deducted 

the  assay.     This  is  called  the  witncsi. 

In  th^  Lury,';i  ^^Qy ^ — Boil  vltfeous  silver  ore  in  dilute  nitrous  addt 

litiv  times  its  weighty  until  the  sulphur  is  quite  exhausted. 

.w^y  be  precipitated  from  the  solution  by  marine  acid,  or 

m  salt ;    100  grains  of  this  precipitate  contain  75  of  real  silver  i 

^tatnaJiygold  it  ivdl  remain  undissolved.     Fixed  alkalies  pre- 

i|ittitte  the  earthy  matters^  and  the  Prussian  alkali  will  show  it  any 

»r  mctiil  be  contained  in  the  solution. 

TV  Assay  the  value  of  Silver, — The  general  method  of  efx^miniog 

purity  of  silver  is  by  mixing  it  with  a  quantiry  of  lead  propor- 

lOBatc  to  the  supposed  portion  of  alloy:  by  totting  this  mixture, 

Afterwards  weighing  the  reinaitiiog  button  of  silver.     This  is  the 

iproceifM  iiefining  silver  by  cupelliitioti. 

Il  b  sof^ied  thnt  tiM.'  mass  of  silver  to  be  cxamioed,  consists  of 

|2  equal  parts,  culled  peuiiy-wcights  ;  so  that  if  an  ingot  weighs  an 

»ce,  each  of  the  parts  will  be   U12th  of  an   ounce*     Hence,  if 

mass  o(  silver  be  purc^  it  is  Ciillod  silver  of  ]2  {lenny-weights ; 

it  contain  l-12th  of  its  weight  of  alloy,  it  is  called  silver  of  11 

my-weights  :  if  2-12ths  of  its  weight  be  alloy,  it  is  called  ailver 

10  peony-weights }  which  parts  of  pore  silver  are  called  5  penny* 

'  [hts.     Tt  mu&t  be  observed  here,   that  ossayers  give  the    name 

IV  to  a  weight  equal  to  24  real  grainVy  which  mast  not 

with  their  ideal  weights.    The  aflsayera*  grains  an? 

hhe  gtiuns.     An  ingot  of  fine  silver,   or  silver  of  12  peimy- 

it^,  cnntniDs,  then,  2HS  iinc  grains  ;  if  this  ingot  coDtaln  l'2^8th 

n  .  r  of  1 1  penay-weightc  and  23  grains  ; 

I  ;,,  it  is  said  to  be  11  peony-weights,  20 

1^  tic*     Now  a  certain  real  wcigiit  must  be  taken  to  represent 

^»^v-<ivTli;hta  :  for   in^tnnce,    boreal  grains  represent  12  fine 

;  this  is  subdivided  into  a  suflicient  number  of  oUier 

Ic         D      ♦  which  ahy  represent  fractions  of  fine  penny-weichti 

raim.     Thus,  18  real  grains  rrpresent  C  fine   peooy-wcighlj  i 

gives  represent  1  fine  pcuuy-w eight,  or  24  grains;  a   real 

'  a  half  represents  12  fine  grains  :   l*32d  of  a  real  grain  rc» 

a  qjvarCer  of  a  fine  grain,  which  ie  only  l«752ud  part  of  a 

12  penny  *  weight  H. 

ttle  Assay  of  &iu€r. — It  is  coslomary  to  oiake  a  dooble  away. 

|iivcr  for  the  aaeay  nhoiild  be  taken  from  opposite  sidea  of  the 

and  tried  on  a  tooch-stone.     Ass»yrrs  know  pretty  nearly  tha 

o(  silver  merciy  by  the  Wok  of  tlie  ingot,  aivd  ittll  better  bg 

«f  the  lo«tb<etiMie«     The  qna&tiiy  «f  lead  to  b«  aikled  it  re* 
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1  pilated  by  the  portion  of  alloy,  which  1 
)e  nearly  as  follows  : 

being  ID  general  copper,  wl 

i 

Silver  of  tlwts.         grs.    dwts.gn. 

Requires  from               < 

n          0 

5  10    6^^ 

0             12 

Q 0    J    *^ 

From    19            18  to     9    0 

12— islfe-o'           1 

8              6  —    7  12 

13^14)20          < 

6             18  —     6     0 

o-ieli 

3              0  —     112 

1             12  —    0  18 

0— 20  jp 

lead^ 
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The  cupel  must  be  he?itcfl  red  hot  for  half  ao  liour  before  any 
tal  is  put  upon  It,  by  which  all  moisture  is  expelled*  When  the  cnpc! 
IB  almost  wLitc  by  heat,  the  lead  is  put  into  it,  and  the  fire  increased 
till  the  lead  becomes  red  hot,snioking»  and  agitated  by  a  motion 
uJi  its  partSj  called  its  circulation.  Then  the  silver  is  to  be  put 
'the  cupel^  and  the  fire  continued  till  llie  silver  has  entered  the 
Rnd  when  the  mass  circulates  well,  the  heat  must  be  diminished 
closing  more  or  less  the  door  of  the  assay  ftimace.  The  heat  she 
be  80  regulated,  that  the  metal  on  its  surface  may  appear  convex 
ardent,  while  the  cuj)el  is  less  red  ;  that  the  smoke  shall  rise  to 
roof  of  the  inufQe  ^  that  uDdulations  shall  be  made  in  all  directii 
and  that  the  middle  of  the  metal  shall  appear  smooth,  with  a  smi 
circle  of  litharge,  which  is  continually  imbibed  by  the  cupel, 
'this  treatment,  the  lead  and  alloy  will  entirely  be  absorbed  by  the  co] 
and  the  silver  become  bright  and  shining,  when  it  is  said  to  lightei 
[after  which,  if  the  operation  has  been  well  performed,  the  silver  ^ 
be  covered  with  rainbow  colours,  which  <juickiy  undulate  and  ci 
each  other,  and  then  the  button  becomes  h.xed  and  solid. 

The  diinintitiou  of  weight  shews  the  quantity  of  alloy.     As  at!  lei 
contains  a  small  portion  of  silver,  an  equal  weight  with  that  used 
tlie  assay,  is   tested  off,   and  the  product  deducted  from  the  ass 
|%eight.     This  portion  is  called  the  witness. 

To  Atsaij  Plated  Meiais. — Take  a  determinate   quantity  of  tl 
'plated  metal  ;  put  it  into  an  earthen  vessel,  with  a  sufficient  qnai 
tity  of  the  above  menstruum,   and  place  it  in  a  gentle  heat.      \VI 
tlie  silver  is  stripped,  it  must  be  collected  xvjth    common    salt; 
eak  must  be  tested  with  lead,  and  the  estimate  made  accordiog 
tlie  product  of  silver. 

Ores  and  Earths  contairiinir  Gold. — No.  K— That  which  is 
most  generally  used  is  by  nmalgiimation,  the  jiroper  quantity  is 
f-and  reduced  to  a  powder  ;  about  1-lOth  of  its  weight  of  pure  quit! 
lilver  is  added,  and  the  whole  triturated  in  an  iron  mortar.     The 
traelioo  subsisting  betw<»pn  the  gold  and  qnicksiiver,  quickly  uniti 
them  in  the  form  of  an  rtmal!i;{im,  which  is  pressed  through  nhtimoi 
>leather  ;  the  gold  is  easily  separated  from  this  amalgam,  by  exposal 

a  proper  degree  of  heat,   which  evaporates   the  quicksilver, 
Javes  the  gold.  This  evaporation  should  he  made  with  luted  ves 
Tbi.tia  the  fuuudation  of  all  the  operations  by  which  gold  is 
taiacd  from  the  rich  lainea  of  Peru,  in  Spauieh  America, 
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No.  2.^Tako  a  qoantiry  of  the  gold-taod,  and  heat  U  red^hot^ 
|aench  it  in  water  ;  irpeat  this  two  or  three  times,  ai)d  the  colour  of 
Baud  Willi  become  '^  red«Jjsli  brown.     Then  mix  it  with  twice  its 
It  of  nUiari;o.  and  revive  the  litharge  into   lead»  by  adding  a 


portion  oi  clifircoal-tlust^  and 


It  to 


proper  degree  of 
t  J  when  tljf  Wud  revives*  it  sepjirates  llie  gold  from  the  sand  j 
md  the  freeiui;  of  the  gold  from  (he  lead  must  be  afterwardd  per* 

rmcd  by  ctijwlbtioo. 

No.  3. — Bergman  ussayed  inetnlllc  ores  containiDg  gold^by  mincing 
wu  partii  of  tiie  ore,  well  pouudcd  uiid  watched,  wiih  ]^  of  litharge* 
md  3  of  glass  ;  covering  liie  whole  with  common  salt,  ond  melting  it 
1  a  smith's  forge,  in  a  covered  crucible  ;  he  tlien  opened  the  crucible* 
tit  a  uail  into  it»  and  cuutiuucd  to  do  &o,  till  the  iron  was  no  lon^r 
(tacked.  The  lead  was  thus  precipitfttcd  which  contained  the  gold* 
nd  was  afterwards  separated  by  cupelbtion. 

Humid  Anay  of  Gold  mixed  with  Martial  Pyrites, — Dijssolvc  the 
re  in  twclre  times  its  weight  of  dilute  nitrons  ucid,  gradu;dly  added  ; 
Hmcc  it  in  a  proper  degree  of  heat »  this  takes  up  the  soluble  purls, 
id  leaver  the  gold  untouched,  with  the  insoluble  taairix.  from  which 

may  be  separated  by  aqua  regia*     1'hc  gold  uiuy  be  agTtin  depurated 

I'om  the  aqua  re^ia  by  pouring  ether  upon  it  -,  the  ether  t«nkcs  up  the 

iold«  and  by  being  burnt  o6i'  leaves  it  iu  its  metallic  state.     The  mln- 

00  may  contain  iron,  copper,  manganese,  cnlcarcous  earth,  or  argil ; 

it  be  evaporated  to  dryness,  and  the  residuum  heated  to  reduesi 
>r  half  an  hour,  volatile  alkali  will  extract  the  cojiper ;  clephlogiish- 
ited  uitrons  actd,  the  earthsj  the  acetous  acid,  the  mangatude  ;  and 
lie  ranrine  actd*  the  calx  of  iron.  The  sulphur  flouts  ou  tlie  hrst 
oIoUoo^  from  vrhich  it  should  be  separated  by  filtration. 


PARTING. 

By  thifl  proce.^s  gold  and  silver  are  separated  from  each  other. 

bcse  two  metals  equally  resisting  the  action  of  fire  and  lead,  must 
lierefore  be  separated  by  other  menns.     This  is  effected  by  diflCTcnt 

eostma.  Nilrous  acid,  marine  acid  and  sulphur,  which  cannot  attack 
<Dld,  operate  upon  silver;  and  these  are  the  principal  agents  em- 
Joyed  in  this  process. 

Parting  by  nitrous  acid  is   moat  convenient,  consequently  most 

?d. — indced»  it  is  the  only  one  employed  by  goldsmiths.  This  is 
ailed  simply  parting, 

That  made  by  the   marine  acid   is    by  cementation,  and  Is  called 

ntratod  (jHrting ;  and  parting  by  aulphur  is  made  by  fusion,  and 
ailed  l>«v  Partlv'o. 

Parting  /y  Aqua-Fortts,  Tliis  process  cannot  succeed  unless  we 
ttcnd  to  foine  essential  circumstances  :  litt.  The  gold  and  aiher 
ust  be  in  a  prof>cr  portion,  viz.  the  silver  ought  to  be  three  parts  to 
le  of  gold  j  though  a  mass  coatainiog  two  parts  of  silver  to  OQC  of 
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gold  may  be  parted.  Ta  judge  of  the  quality  of  the  metal  to' 
parted,  assayers  make  a  comparison  upoo  a  toncb-etonc^  betuveen 
and  certain  needles  composed  of  gold  and  stiver,  in  gradnatcd  pre 
portioQS,  and  properly  marked  ;  which  are  called  Paoop  Needlci 
If  this  trial  shews  that  the  silver  is  aot  to  the  gold  aa  three  to  oq< 
the  mass  is  improper  for  the  operation,  unless  more  silTer  be  added^ 
and  2dly,  that  the  parting  may  be  exact,  the  aqaa-fortis  must  be  vc( 
pure,  especially  free  from  any  mixture  of  the  vitriolic  or  marine  acii 
For  if  this  were  not  attended  to,  a  quantity  of  silver  proportionabl 
to  these  two  foreign  acids  would  bo  separated  during  the  solution 
and  this  quantity  of  sulphate  of  silver  would  remain  mingled  wil 
the  gold,  which  consequentiy  would  not  be  entirely  purified  by 
operation. 

The  gold  and  silver  to  be  parted  ought  previously  to  be  granulate 
by  melting   it  lu   a  crucible;,  and  pouring  it  into  a  vessel  of  wutii 
giving  the  water  at  the  same  time  a  rapid  circular  motion,  by  qnickl] 
stirring  it  round  with  a  stick.     The  vessels  generally  used  in   thf 
operation  are  called   parting  glasses,  which  ought  to  be  very   we^ 
annealed,  and  chosen  free  from  flaws  j   aa  one  of  the  chief  inconvi 
nicnecs  attending  the  operation  is,  that  the  glasses  are  apt  to  crack  bj 
exposure  to  cold,  or  even  when  touched  by  the  hand.     Some  opcratoi 
secure  the  bottom  of  the  glasses  by  a  coatiug  composed  of  a  mixtui 
of  new-slaked  lime,  with  beer  and  whites  of  egcs  spread  on  a  doll 
and  wrapped  round  the  glasses  at  the  bottom  ;  over  which  they  applj 
a  composition  of  day   and  hair.      The    parting  glasses  should 
placed  in  vessels  containing  water  supported  by  trivets,  with  a  (ii 
under  them  ;  because  if  a  glass  should  break,  the  contents  arecaugl 
in  the  vessel  of  water.     If  the  heat  communicated  to  the  water 
too  great,  it  may  be  properly  regulated  by  pouring  cold  w^ater  grada: 
and  carefully  down  the  side  of  the  vessel  into  a  parting  glass  11 
inches  high,  and  10  or  12  inches  wide  at  the  bottom  ;  placed  in 
copijcr  pan  12  inches  wide  at  bottom,  15  inches  wide  at  top,  and  II 
inches  high  ;  there  is  usually  put  about  80  oz.  of  metal,  with  twl< 
as  much  of  aqua^fortis. 

The  aqua-fortis  ought  to  be  so  strong  as  to  act  sensibly  on  tilt 
when  cold,  but  not  so  strong  as  to  act  violently.     Little  beat   at 
be  applied  at  hrst,  as  the  liquor  is  apt   to  swell  and  rise  over  tl 
vessel  ;  but  when  the  acid  is  nearly  saturated,  the  heat  may  safely 
increased.     When  the  solution  ceases,  which  is  known  by  the  cffc 
vescencc  discontinuing*  the  liquor  is  to  be  poured  off,  if  any  graii 
appear  entire,  more  aqua-fortis  must  be  added,  till  the  silver  is  ai 
dissolved.     If  the  operation  has  been  performed  slowly,  the  rcmainii 
gold  will  have  the  form  of  distinct  masj'es.     The  gold  apjiears  hhc 
after  parting;  its  parts  have  no  adhesion  together,  because  the  *ib 
dissolved  from  it  has  left  many  interstices.     To  give  them  more  sol 
dity,  and  improve  their  colour,  tl^ey  arc  put  into  a  test  under  a  mofil< 
and  made  red  hot,  after  which  they  contract  and  become  more  soU^ 
and  the  gold  resumes  its  colour  and  lustre.     It  is  then  called  Gail 
Gold.     If  the  operation  lias  been  performed  hastily,  the  gold  wi 
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life  the  appearance  of  black  mud  or  powder^  which,  after 
washing,  mnst  be  melted. 

The  silver  is  usually  recovered  by  prectpttating  it  from  the  aqa^ 
fbrtiii  by  means  of  pure  copjxrr.  If  the  sottition  be  perfectly  siitii« 
ratedj  do  prccipitalton  can  take  place,  till  a  fuw  drops  of  Hqan-lortia 
are  added  to  tlie  liquor.  The  precipitate  of  bilvcr  uiust  be  well 
washed  with  boiling  water^  and  m^y  be  fused  with  nitre,  or  teated  off 
Wtih  lead. 

Parting  by  Cementation,'— A  eemcnt  w  prepared,  compoied  of  4 
parts  of  bricks  powdered  aad  sifted  j  of  one  pnrt  of  green  vitriol 
calciaed  till  tt  becomes  red ;  and  of  one  part  of  comniou  aalt :  tlik 
la  to  be  lande  into  a  ^I'tn  pablo  with  a  little  water.  It  is  called  tlio 
Cb)«ent  Royal. 

The  gold  to  be  cemeDted  i«  reduced  into  pbtes  as  thin  as  money. 
At  the  bottom  of  the  craciblc  or  cemetitiog  {lot,  a  etratnin  of  cement, 
of  the  thickness  of  a  finger,  is  put,  which  is  covered  with  plates  of 
gold  ;  and  so  the  strata  are  placed  alternately.  The  whole  is  covereil 
with  a  lid,  which  is  luted  with  a  mixtare  of  clay  nnd  sand.  Thit» 
pot  roust  be  placed  in  a  fumacc  or  oveo,  heated  gradaally  till  it 
becomes  red  hot,  io  which  it  must  be  contiuoed  during  24  hours.  The 
heat  must  not  melt  the  gold.  The  pot  or  crucible  is  then  suflfered  to 
cool  ;  aod  the  gold  carefully  separated  from  the  cement,  and  boiled 
at  different  times  in  a  large  quantity  of  pure  water.  It  is  then  assoyed 
upon  a  touch'Stone,  or  otberwit^e  j  and  if  it  be  not  sufBcieDtly  pure^ 
It  is  cemented  a  second  time.  In  this  process  the  vitriolic  acid  of  the 
bricks^  and  of  the  calcined  vitriol,  decomposes  the  common  salt  during 
'the  cementation,  by  nnitiug  to  its  alkaline  base,  while  the  marine  ucid 
becomes  concentrated  by  the  heat,  and  dissolves  the  silver  alloyed 
with  the  gold.  This  is  a  very  troubksome  process,  though  it  suc- 
ceeds when  the  portion  of  silver  is  so  small  that  it  would  be  defended 
firom  the  action  of  aqua-fortis  by  the  supcr-ubundant  gold  ;  but  is 
little  used,  except  to  extract  silver,  or  base  metals,  from  the  surface 
of  gold,  and  thus  giving  to  an  alloyed  metal,  the  colour  and  appear* 
aoce  of  pnrc  gold. 

Jpry  Parting. — This  process  is  performed  by  sulphur,  which  will 
easily  unite  with  silver,  but  does  not  attack  gold.  As  this  dry 
parting  is  even  troublesome  as  well  as  expensive,  it  ought  not  to  be 
undertaken  but  on  a  considerable  quantity  of  silver  alloyed  with  gold. 
Tlie  general  procedure  is  as  follows. — The  metal  must  be  grannUtcdj 
from  I '8  to  I '5  of  it  (according  as  it  is  richer  or  poorer  in  the  gold) 
is  reserved,  nnd  the  rest  well  mingled  with  an  eighth  of  powdered 
sulphur  j  and  pnl  into  a  crucible,  keeping  a  gentle  fire,  that  tite  Sil- 
ver, before  melting,  may  be  thoroughly  penetrated  by  the  sulphur ; 
if  the  fire  be  hastily  urged*  llur  sulphur  will  be  dissipated.  If  to 
sulphurated  silver  infusion,  pure  silvtr  be  added,  the  latter  falls  fo 
the  bottom,  and  forms  there  a  dl^filinct  fluid,  not  misciblc  with  the 
Other.  The  particles  of  gold  having  no  affinity  with  the  sulphuratod 
titter^  join  themaelves  to  the  pare  silver  wherever  they  come  in  con- 
tact, and  arc  thus  transferred  from  the  former  into  the  Utter,  more  or 
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Jeas  perfectly,  according  as  the  pure  lilver  \v^b  more  or  less  tboroi 
]y  diffused  through  the  mixture.     It  is  for  this  tise  that  a  part  ot' 
^anulated  silver  whs  reserved.     The  sulphurated  mass  being  brouj 
into  fusioo,  and  kept  melting  for  nearly  an  hour  in  a  covered  crucil 
ooe  third  of  the  reserved  i;;raiua   is  thrown  in,  uhiehj  when  melt 
the  whole  is  well    stirred,  that  the   fre^h  silver  may  be   distribul 
.through  the  mixed  to  collect  the  gold  from  it ;  this  is  performed  wj 
a  wooden  rod.     Tbla  is  repeated  till  the  whole  roscn'cd  metal  be 
troduced.    The  sulphurated  silver  appeurs,  in  fusion^  of  a  dark  brol 
colour  J  after  it  has  been  kept  in  fusion  for  a  certain  time,  a  part 
the  sulphur  having  escaped  from  the  top,  the  surface  becomes  t*hH 
and  some  bright  drops  of  silver,  about  the  size  of  a  pea,  arepercei^ 
ou  it.     When    this  happcus  the  tire  must  be  immediately  disconi 
^nued^  for  otherwise  more  and  more  of  the  silver  thus  losing  its  si 
.phur,  would  subside  aud  mingle  with  the  part  at  the  bottom^  in  whi^ 
thf  gold  ifi  collected.  The  whole  is  poured  into  an  iron  mortar  grci 
i,and  duly  heated.    I'he  gold  diffused  at  first  through  the  whole  mj 
Js  now  found  collected  in  a  part  of  it  at  the  bottom,  (amouutiu^  oi 
Lto  about  as  much  as  was  rcsened  unsulpburated  from  the  mass)  by 
.chisel  or  hammer,  or  more  perfectly  by  placing  the  whole  mass  wi( 
lis  botiom  upwards  in  a  cnicible,  the  sulphurated  part  quickly  melt 
[•JeBving,   uDmeltedy  that  which   contains  the  gold.    Tlie  sulphurat 

lilver  is  assayed,   by  keeping  a  portion  of  it  in  fusion  in  an  open 
.dble»  till  the  sulphur  is  dissipated,  and  then  by  dissolving  it  io  aqi 
Lifortis.     If  it  should   still  be  fonnd  to  contain  gold,  it  must  be  si 
jected  to  the  same  treatment  as  before.      The  gold  thus  collected 
le  coucentrated  into  a  smaller  part  by  repeating  the  whole  procc 
that  at  last  it  may  be  parted  by  aqua-fortls  without  too  much 
lae. 


IRON  AND  STEEL; 


Expeditioui  mode  of  reducing  Iron  Ore  into  MaUealle  fron.'^l 
way  of  proceeding  is  by  stamping,  washing,  &c.  the  calcine  and 
lerials,  to  separate  the  ore  from  extraneous  matter;  then  fusing 
prepared  ore  in  an  open  furnace,  and  instead  of  casting  It,  to  sul 
it  to  remain  at  the  bottom  of  the  furnace  till  it  becomes  cold. 

New  Method  of  Shingling  and  Manufaciurtng  Iron. — The 
being  fused  in  a  reverberating  furnace,  is  conveyed,  whilst  fluid,  iu( 
nn  air-furnace,  where  it  is  exposed  to  a  strong  heat,  till  a  bluil 
Hame  is  obnervcd  on  the  surface  j  it  is  then  agitated  on  the  surfac 
till  It  loses  its  fusibility,  and  is  collected  into  lumps  called /oo/ 
These  loops  are  then  put  into  another  air-furnace,  brought  to  a  whit 
or  welding  heat,  and  then  shingled  into  half-hlooms  or  slabe$.  Th< 
are  again  exposed  to  the  air-furnace,  and  the  hdf-bJooms  taken  oi 
and  forged  into  anconies,  bars,  halfjlafs,  and  rods  for  wire  ;  whii 
the  slQie:t  are  passed,  when  of  a  welrling  heat,  through  the  groovi 
Toilers.  In  this  way  of  proceeding,  it  matters  not  whether  the  iroBh' 
i$  prepared  from  co^u'  or  hoi-short  metal^  nor  is  there  any  occasion 
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for  tlis  Qie  of  finery,  charcoal,  coke,  chaftry,  or  hollow  fire  j  or  any 
bUtt  by  bellows  i  or  otlierwise  :  or  the  use  of  Ouxes^  in  any  purtof 
the  proce&a. 

Approved  Method  of  WeUin^  /ron.^ThU  consiata  in  the  skilful 
bundling  of  the  iron  to  be  welcied  ;  io  the  use  of  an  extraordinary 
Urge  forge- Imninier,  in  employing  o  tatlin^-fumaff,  insttvul  of  a  Ao/- 
low  fire  or  cknfery;  and  in  pasxiiig  the  iron,  reduced  to  a  melting  heat, 
through  grrtoved  milUrullers  of  different  sb^pes  and  h\ie»t  &^  retjwtrod. 

Common  Hardcrung. — Iron,  by  beiug  hcate^i  red  hot,  and  plungctf 
into  told  water,  acquires  a  great  degree  of  hardness.  This  proceed* 
from  tlie  coldness  of  the  water  which  coutraeta  the  particles  of  the. 
iron  into  less  space. 

Case- Hardening. — Case-hardening  is  a  superficial  conversion  of 
Iron  into  steel  by  cementation.  It  is  f>erforraed  o«  smutl  pieces  of 
iron,  by  enclosing  them  in  an  iron  box,  containing  burnt  leather^ 
bone-dust,  or  any  other  carbonic  loaterialj  and  exposing  tYiem  for 
some  hours  to  a  red  heat.  The  surface  of  the  iron  thua  becomes  pcr^ 
fcctly  metallized.    Iron  thus  treated  is  susceptible  of  the  finest  polish* 

To  ci^nifeTt  Iron  into  Steel  ly  Cementation. — The  iron  is  formed 
into  bars  of  a  couvetiieot  size,  and  then  placed  in  a  cementing  fur- 
nace, with  sufficient  quantity  of  cement,  which  is  composed  of  coals 
of  aiumal  or  vegetable  aubstances,  mixed  with  ciilclned  bones,  he.  The 
following  are  very  excellent  cement  :— Ist,  one  part  of  powdereJ 
charcoal*  and  half  a  part  of  wood-ashes  well  mixed  together  j  or, 
2dly,  two  parts  of  charcoal,  moderately  powdered^  one  partof  bones, 
horn,  hair,  or  skins  of  antmals»  borut  m  close  vessels  to  bbckneatf 
and  powdered  ;  and  half  a  part  of  wood-ashes  ;  mix  them  well  Ui« 
gether.  The  bars  of  iron  to  be  converted  into  ateel,  are  placed  oponi 
H  stratum  of  cement,  and  covered  all  over  with  the  same;  and  the 
Teasel  which  contains  them,  closely  luted,  must  be  exposed  to  a  red 
beat  for  8  or  10  hours,  when  the  iron  will  be  converted  into  steel. 

Steel  is  prepared  from  bar  iron  by  fusion  ;  which  consists  of  plung-* 
ing  a  bar  into  melted  iron,  and  keeping  it  there  for  rome  time,  by 
which  process  it  is  converted  into  good  steel. 

All  iron  which  becomes  harder  by  suddenly  quenching  in  cold 
water  is  called  steel  ;  and  that  steel  which  in  quenching  acquires  the 
greatest  degree  of  hardness  in  the  lowest  degree  of  heat^  and  retains 
the  greatest  strength  in  and  after  induration j  ought  to  be  considered 
as  the  best* 

Improved  pr  aces  t  of  hardening  Steel. — ^  Articles  manufactured  of  steel 
for  the  purposes  of  cutting,  are^  almost  without  an  exception,  hard- 
-cned  from  the  anvil  j  in  other  words,  they  are  taken  from  the  forger 
*to  the  hardener  without  undergoing  any  intermediate  process  •  and 
Buch  is  the  accustomed  routine,  that  the  mischief  arising  baa  escaped 
obtenation.  The  act  of  forging  produces  a  strong  scale  or  coatings 
which  is  spread  over  the  whole  of  the  blade ;  and  to  make  the  evil 
•till  more  formidable,  this  scale  or  coating  is  unequal  in  subst-jincQ 
Varying  in  proportion  to  the  degree  of  heat  communicated  to  the 
steel  in  forging ;  it  is^  partially,  almost  impeoetrible  to  the  action  of 

3D 
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water  when  immersed  for  the  purpose  of  hnrdenin^.  Hence  it 
that,  different  degrees  of  hardness  prevail  in  nearly  every  razor  ina- 
nufactarcd  ;  this  is  evidently  a  positive  defect  ;  and  so  long  as  it 
continues  to  exist,  great  difference  of  temperature  must  exi^t  like- 
wise. Razor-blade*  not  un frequently  exhibit  the  fad  here  stated  in 
a  very  striking  manner  :  what  are  termed  clouds,  or  pnrtM  of  uiitniartl 
polish,  derive  their  origin  from  this  cause  j  and  clearly  and  distinctly, 
or  rather  dislincth/  though  not  dearlyt  show  how  far  this  partial 
coating  has  extended,  and  where  the  action  of  the  water  has  been 
yielded  to^  and  where  resisted.  It  certainly  cannot  be  matter  of  asto- 
nishmentj  that  so  few  improvements  have  been  made  in  the  harden- 
ing of  steel,  when  the  evil  here  complained  of  so  nniversally  obtains, 
as  almost  to  warrant  the  supposition  that  no  attempt  has  ever  been 
made  to  remove  it.  TIic  remedy,  howoer,  is  easy  and  simple  in  the 
extreme,  and  so  evidently  efficient  in  its  application,  that  it  cannot 
but  excite  surprise,  that,  in  the  present  highly  improved  state  of  otir 
manufactures,  Boch  a  communication  should  be  made  as  a  discovery 
entirely  new. 

lustead,  therefore,  of  the  customary  mode  of  hardenmg  the  blade 
from  the  anvil,  let  it  be  passed  iramediatcly  from  the  hands  of  the 
forger  to  the  grinder  ;  a  slight  applicuiion  of  the  stone  will  remove 
the  whole  of  tlie  scale  or  coating,  and  the  razor  will  then  be  properly 
prepared  to  undergo  the  operation  of  hardenipg  with  advantJigc.  It 
will  be  easily  ascertained,  that  steel  in  this  state  heats  in  the  fire  with 
greater  regularity,  and  that  when  immersed,  the  obstacles  being  re- 
moved to  the  immediate  action  of  the  wuter  on  the  botly  of  the  steel, 
the  latter  becomes  equally  hard  from  one  extremity  to  the  other,  To" 
this  mjiy  be  added,  that,  as  the  lowest  possible  heat  at  which  Mtel  ic- 
comes  hard  Ik  Indulitahltf  the  It'st,  the  mode  here  recommended  will 
he  found  the  only  one  by  which  the  process  of  hardening  can  be 
cflected  with  a  fess  portion  of  fire  than  is,  or  can  be  required  in  any 
mher  way.  These  observations  ore  decisive,  and  will,  in  all  proba- 
bttity,  leud  to  eytiihllsh  iu  general  ns^c  what  cannot  but  be  rqjarded^ 
as  a  very  important  improvement  in  the  manufacturing  of  cdgcil  dtcel 
justrumeuts. 

Englhh  can  SteeL — The  finest  kind  of  steel,  called  English  cast 
steel,  is  prepared  by  breaking  to  pieces  blistered  steel,  and  then  melting 
it  in  a  crucible  with  a  fiux  comfwsed  of  carbonaceous  and  vitriftable  io- 
gredieiits.  The  vitrihablc  ingredient  is  used  outy  inasmuch  as  a  fusi- 
ble boily,  which  flows  over  the  surface  of  the  metal  in  the  crucibles, 
and  pt  events  the  access  of  the  oxygen  of  the  atmosphere.  Broken  glass 
is  soDietimes  used  for  this  purpose. 

When  thoroughly  fused  it  is  cast  into  ingots,  which  by  gentle  heat- 
ing and  careful  hammering,  are  tilted  into  bars.  By  this  process  the 
steel  becomes  more  highly  carboniaed  in  proportion  to  the  quantity  of 
flux,  and  in  coasetjueuce  is  more  brittfe  and  fusible  than  before. 
Hence,  it  surpasses  jUl  other  steel  in  uniformity  of  texture,  hardness, 
Jtnd  closeness  of  grain,  and  is  the  materii^l  empIoy«d  in  all  the  ftneet 
articles  of  English  cutlery. 


To  fnake  Edge-UmU  from  vast  ^Sleal  and  Iron. — This  method  cmii 
iatB  ill  fixing  a  clean  piece  of  wrought  iron,   brought  tu  a  weldii 
5at,  in  the  ct^utre  of  a  mould,  and  then    pouring  ia  melted  steel,  so 

entirely  to  envelope  tho  irou  ^  and  thcu  furgiug  the  ai«jis  uito  the 
shape  required. 

To  colour  Steel  5/we.— The  steel  must  be  finely  polished  on  iti 
■urfncc,  and  then  exposed  to  un  uniform  degree  of  heat.  Ac- 
cordingly, there  are  three  ways  of  coloariiig  :  hrst,  by  »  tlainc  pro- 
dueing  no  aootj  as  spirit  of  wine  j  secondty,  by  a  hot  plate  of  troti ; 
And  thirdly^  by  wood-ashes.  As  a  rery  regular  degree  of  heat  t!i 
iiecesHary«  wood^a^ilies  for  hne  work  bears  the  nrefereoce.  Th*j  wui  k 
must  be  covered  ovrr  with  theiu,  and  carefully  watched  j  when  the 
colour  i*  siJiTjriontly  heightened,  the  work  is  perfect.  This  colour  is 
occasi<  U'n  oflf  with  a  very  dilute  marine  acid. 

To  -  h  Steel  from  Iron. — Tiie  principal  characters  by  tthicli 

atecl  uiaj  bni'  d  from  iron,  :)rc  us  follow  ;— 

1.  After  bcin  i»  steel  appears  of  a  whiter,  light  grey  hue, 
without  the  blue  c;ul  exhibited  by  iron.   It  also  takes  a  higher  poliiih. 

2.  The  bardettt  {»tecl  wlieo  not  annealed^  appears  granulated,  but 
dull,  and  without  shining  hbres. 

3.  VVbeu  stee^ied  iu  acids  the  harder  the  iteel  is^  of  a  darker  hoe 
is  its  surface. 

4.  Steel  is  not  so  mncU  bclined  to  ru^t  as  iron. 

5.  Iu  general,  steel  has  a  greater  specitie  gi*avity, 

(i.  By  being  hardened  and  wrought,  it  may  be  rendered  much  more 
elastic  than  iron. 

7.  U  is  not  attracted  so  strongly  by  tlie  magnet  as  soft  iron.  It 
likewise  acquires  muguetic  propcrlic*  more  slowly,  but  retains  ihein 
longer  -,  Tor  which  reason,  steel  is  used  in  making  needles  for  com* 
passes,  and  anificial  tnugnetas. 

8«  StL'cl  is  ignited  sooner,  and  fuses  with  less  d^rec  of  heat,  than 
tnalleable  iron,  which  ean  scarcely  he  mude  to  fuse  without  the  ad- 
dition of  powdered  charcoal  j  by  which  it  is  converted  into  »lecl, 
and  afterwards  into  crude  iroD« 

U.  Polished  steel  i&  sooner  tinged  by  heatj  and  that  with  higher 
colours,  than  iron. 

\0.  In  a  enlciuin^  heat,  it  suffers  less  loss  by  hnrnlng,  tltJin  soft 
Iron  does  in  the  sauic  heat,  nod  the  same  time.  In  calcination  a  light 
blue  flame  havers  over  the  steel,  either  with  or  without  a  Bulphare«> 
ous  odour. 

1 1.  The  scales  of  steel  are  harder  and  sharper  than  those  of  iron  j 
and  consequently  more  ht  fur  pohtihing  with. 

12-  In  a  white  he^tt,  whvu  exposed  to  the  blast  of  the  bellotyfj 
tmong  the  coaln,  it  begins  to  )iwc&t.  wet,  or  melt,  partly  with  tiehl 
coloured  and  bright,  and  partly  with  red  B]>arkle!),  bat  lesticractuiog' 
than  thohe  of  iron,     hi  a  melting  hent  too,  it  consumes  faster. 

13.  In  the  vitfiolic,  nitrous,  aud  other  acid^,  steel  ia  violently  at- 
tacked, but  is  longer  in  dissolving  than  iron.     After  maceration,  ac* 
»rdtng  a»  it  is  softer  or  harder,  it  appears  of  slighter,  or  darker  grey 
lour  i  while  iron  ou  the  other  hand  h  white. 

^^2 
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jKnlnpile  .••••. A  hollow  metallit  \M,  wrth  a*  small  orifice; 

to  ahew  the  power  of  steam. 
Anneal ••••••  To  expofe  iron  or  other  mehils  to  the  actioA 

of  fire,  in  order  to  rcdoee  them  to  a  greater 

degree  of  tenacity. 
Anvil *  k  •  •   A  block  or  mass  of  iron,  with  a  hardened 

ateel  sorfaee,  on  which  amiths  and  other 

artificera  hammer  and  fuhion  their  work. 
Arhor. .  •  •  •  •» «  The  principal  spindle  or  axis  which  commn- 

nicatea  motion  to  the  other  parts  of  a  ma^ 

chine. 
Ahn • « The  length  of  (he  sail  of  a  windmill  measured 

from  the  axis. 
Arms  {Axle) •  •   The  two  ends  of  an  axle-ttee :  projecting 

supports  in  machinery. 
Ath'hole. .  • A  receptacle  for  the  ashes  which  fall  from  the 

hearth  of  a  faroace. 
Attraction  of  Cohesion.  The  attraction  which  holds  the  particles  of 

matter  to  eadi  other. 
-* of  Gravitation,  The  force  which  causes  all  ponderous  bodica 

to  fall  towards  the  earth's  centre. 
Au^ur,,.^ The  wimble  or  tool  used  in  the  boring  of 

woods. 
Automaton A  machine  which,  by  an  internal  arrange- 
ment^ seems  to  move  of  itself. 

Axis « The  spindle  or  centre  of  any  rotatory  motion. 

of  oscillation,,  »^  The  shaft  upon  which  any  body  vibrates. 

— in  pcriirochio,  , .    One  of  the  six  mechanical  powers  ;  usually 

called  tlie  wheel  and  axle. 

—  of  rotation The  shaft  roand  which  any  body  revolves. 

Backhuards Boards  attached  to  the  rims  of  the  water- 
wheel,  to  prevent  the  water  running  off 

the  floats  into  the  interior  of  the  wheel. 
Backlash,,,, The   hobbling   movement  erf   a   wheel    not 

fixed  firm  on  its  axis. 
Back-water The  water  which  impedes  the  motion  of  a 

water-wheel  during  floods,  or  from  otiier 

causes. 
■BtUance .An  instrument  which,  by  the  application  of 

the  lever,  exhibits  the  weights  of  bodies. 
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tbc  joiDtf  of  fessels,  to  make  tliAia  ttciaj; 

air,  or  water-tight. 

Comb «••••  An  eoceotric. 

Cti^lan,»m  ••.•••••■•  A  vertical  post  jesting  oq  a  pivot  and  toroed 

by  piwerfoi  arms  or  leveri  to  raise  Wvy 

weights  by  crane  work  3  a  windlass. 

Carbon,.. ^ Charcoal. 

Card » Piece  of  leather  containing  namerons  iron  ? 

wire  teeth,  forming  a  spedes  of  coaib(| 

vide  CottonManofactnre. 
Case-harden .  ...•»•••  The  process  of  converting  the  surface  of  iron 

into  steel. 
Casting The  act  of  forming  metal  or  other  matter 

into  any  required  shape,  by  ponring  it  into 

moulds  while  in  a  fluid  state. 
Catch ••••••••  Various  contrivances  in  mechanics^  to  act  on 

the  principle  of  a  latch. 

Cement A  composition  for  joining  hard  bodies. 

Centre-bit A  boring  tool  in  carpentry. 

Centr\fugaL •  •  Flying  from  the  centre. 

Centripetal Flying  to  the  centre. 

Chafery • A  kind  of  forge   in  the  iron  mannfaoture^ 

where  the  metal  is  exposed  to  a  welding 

heat. 

Ckaliometer •  •  •  •   An  instrument  to  measure  heat. 

Chaffer.  ••••• •   A  groove  to  receive  the  tenon  in  carpentry. 

Cheeks,  .•.•••••••«••  A  term  generally  applied  to  those  pieces  of 

timber  in  machinery^  which  are  double^ 

and  correspond  with  each  other. 
Chord Perpendicular  let  fall  from  any  radius  of  a 

circle. 
Chuck ••   That  part  of  a  lath  which  revolves  with  the 

arbor  :  to  this  is  affixed  the  article  to  be 

turned. 

Circumference, The  measure  round  any  circle. 

Clack  .•••••. A  bell  so  contrived  that  it  shall  ring  when 

more  corn  is  required  to  be  put  in  the  mill. 

Clamp •••  A  pile  of  unburnt  bricks  raiseid for  burning. 

Clip,  •• An  arrangement  to  impede  velocity  by  fncT 

tioD. 

Clutch ^(/e  Bayonet. 

Cockling To  entangle. 

Cocoon A  small  ball  of  silk  spun  by  a  silk- worm. 

Cog This  word,  correctly  speaking,  implies  teeth 

formed  of  a  different  material  to  the  body 

of   the  wheel  1  but  is  generally  used  to 

express  all  kinds  of  toothed  wheels. 

Concentric Having  the  same  centre. 

Conspiring  forces Various  forces  combined  into  one. 

Constant  forces Force  without  interruption. 


m 


TM  cwne  dwcribediii  tke  air  liy  a  ndhit  oa 
tba  dfcaMfciaBce  of  a  dide,  whea  tUi 
ciffda  nillt  oa  aaotber  ciidt  at  its  baae. 

fiqmUkrom •••  That  paealiar  state  of  rest  in  which  a  body 

is  maintaiaed  liy  the  foroa  of  gra?itatioB, 
mhm  th»  qaaatitr  of  matter  in  it  is  ei* 
actiy  eqasloa  earn  side  of  the  bar  or  point 
oh  wbidi  k  is  sapportad« 

Eta^ememi p«,»  The  part  of  a  dock  or  watdi  moTemeot 

.'.  ariiieli  nedfas  the  foraa  of  the  spring  or 
wdght,  to  gife  motion  to  tlie  penanlBm  or 


Fac§  qfikt  leoll The  carved  part  of  a  tooth  whidi  inpavts 

iaqmlta  to  another  whed. 

fiigg^i « Fieoes  of  iroB  bonod  together  lor  re-manii- 

tetore. 

pBmj,.mm9f»* •  SmaUTaaesorsuls  toreodvetheiamliaof 

.the  wiad,  aad,  by  a  oooneKion  widi  n»- 


diinery,  to  ke^tbe  laige  sails  of  a 

wind-mia  always  ia  the  direotioa  of  the 

wind :  an  instnuoent  to  winnow  corn  }  also 

to  decrsase  speed  liy  its  attioa  on  tlie  air. 
JRMM^e-MffiP.*. The  spird  tbres!ded  cavity  m  which  a  screw 

operates. 
FUe « ••••  A  tool  used  by  smiths  for  the  abrasion  of 

metals  -,   deDominated^   according  to  its 

fineness,  rough,  bastard,  or  smooSb. 

FirsUmaver  • . . « Power,  either  natural  or  artifidaL 

Fianck • An  edge  or  projection  for  the  better  connexion 

of  piping  or  castings  of  any  description. 
fiank  qf  the  iooih The  straight  part  of  a  tooth  which  recdves 

impalse  from  another  wheel 
float ••••. The  board  which  receives  the  impalse  of 

the  water  either  in  breast  or  onderskot- 

wbeeis. 
Ffqodgaie  .••• ..A  strong  framing  of  timber  to  peo  back  or 

let  cot  water. 
Ftf^ JogredieRts  put  into  a  smdting  furnace  to 

ftise  the  ore  of  metals. 

Fltf-wkeeL  . . , « «  A  heaTy  wheel  to  maintain  equable  motion. 

Fttoi-brake A  machine  used  io  the  flax  manufacture. 

Forge ,.,   A  manufactory  in  which  metds  are  made 

malieable;  a  furnace. 

{[orge, ..,».. Tofonn  by  the  hammer. 

Wc/iei».,. ,.,,,,.. ,,   luequality ofsurfacc] actof rubbingtogetber. 
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All  iron  frame  need  in  printing  to  keep  the            H 

aheet  of  paper  on  the  tyro  pan,  and  to  pre-       ^^H 

veot  th«  margin  frooi  being  blacked.                ^^H 

The  point  or  bur  on  which  u  lever  rest«.           ^^H 

Part  of  mill-work.                                                    ^^H 

,  That  part  of   a  crane  which  sostaias  the           H 

weight  of  ^oods.                                                         H 

A  mill  in  which  the  nap  of  wooUeti  clotb  i«      ^^B 

raised  by  the  application  of  teasels.                  ^^^| 

The  !art,'C8t  timber  in  a  Boor.                               ^^H 

yiiie  Gripe.                                                           ^W 

Tendency  towards  the  centre  of  the  earth  :           H 

A  pliable  lever  which  can  be  pressed  against           H 

a  wheel  to  retard  or  atop  its  motion  by           H 

friction.                                                                   H 

A  pair  of  heavy  bnlls  connected  with  ma*           H 

chinery  to  regulate  the  speed  ou  the  prin*            ^M 

ciple  of  central  forcc«                                              H 

1*he  centres  or  pivots  of  a  water-wheel.                   ^M 

This    tcrmt    in  general,  inipliei)  any   thing            ^M 

huU-formcd  in   the  process  of  the  mana-           ^M 

fai'ture.                                                                       ^| 

rtde  Heddle,                                                          ^^ 

A  tnetal  comb  for  the  manufacture  of  flax.         ^^H 

,  Thnt  portion  of  a  loom  which  imparts  mo-     ^^H 

tion  to  the  warp  of  a  web  during  the  pro-          ^| 

cess  of  manufacture.                                        ^^^| 

The  shaft  of  n  for^e  or  tilt-hammer.                   ^^H 

A  fttnnel  in  which  grain  is  deposited^  whence      ^^B 

it  runs  between  the  stones  of  a  flour-oiiU.           ^M 

,  The  art  of  constructing  machines  for  tnca-           ^M 

siiring  time.                                                         H 

The  science  which  treats  of  the  motion  of           H 

fluids,  of  the  resistance  which  they  oppose      ^^B 

to  moving  bodies,  and  of  the  various  ma-      ^^^| 

chines  in  which  fluids  are   the  principiil      ^^H 

agent.                                                                 ^^B 

The  science  which  embraces  the  phenomena           H 

cihibited  by  water  and  other  fluids,  whe-            ^M 

iher  they  be  at  rest  or  in  motion  :  it  tt      ^^M 

generally  divided  into  two  heads,   hydro-     ^^B 

statics  and  hydradics.                                      ^^B 

The  science  which  considers  the  pressure,          ^M 

cqniljbriam,  and  cob^ioo  of  fluids.                 ^^B 

Transmission  of  force*                                          ^^^M 

To  dash  against.                                                      ^^H 

That  tendency  which  erery  piece  of  oiattcr          H 

ChOv^I      *     A  a  A  A     ■   MA  A     A   *    A  J 

Cif-mt// 

'Cirrffr 

Girl.  ••.♦•4#. .«*••. 

GrunVy..... 

Onpf..*,.*. , 

Govmior 

Gudgeon,,^ 

Half-Huff. 

Heckle 

Htddle .,,,. 

Hiht..n* 

Hopper, 

HoTologif 

Hjfdraulwt 

Hijdrodynamta 

■» 

^B  Tfudfitititiics  .*••«...• 

■     imnacl  ,  mmmM^mm.m^M»m 

^1    /iff ftin T  •■■■■■**  ■■■■ 

■  .^ler/ut 

has,  whtiin  at  rest,  to  rem^ia  at  re«i;  ami 

when  in  motion,  to  continue  that  motion. 

InFaa»,m».n Empty  space^  void. 

Isochronal Of  equal  duration. 

Isochronous The  yibrations  of  a  pendulum. 

Jenney A  machine  used  in  the  process  of  the  ootto^ 

mannfacture« 

M Tttie  Gibbet. 

KUn • A  place  where  bricks  are  burnt* 

Kink  or  Kinkle,  •••••.   Th(B  er.tangling  of  cordage  from  overtwisting. 

Lateral. A  horizontal  or  lengthwise  mo?ement. 

LtUhe Machine  used  by  turners. 

I/intern A  wheel  with  staff-teeth;   the  trundle  ot 

waUower. 

Leaves » •  The  teeth  of  a  pinion. 

Lever One  of  the  mechanical  powers. 

lAne  of  centres ••   A  line  drawn  from  the  centre  of  one  wheel  to 

the  centre  of  another  when  their  circom^ 

ferences  touch  each  other. 

Locomotive The  power  of  changing  place. 

X<oo» •  A  machine  used  by  weavers  in  the  making  of 

doth. 
Machinist,  ..••.•••..  One  who  makes  machines. 
Jl^andrel^,..  p^p*,,.^  Part  of  a  lathe;  Cone  used  bv smiths;   a 

cylindrical  piece  of  polished  iron  or  steel 

put  down  the  core  or  bole  of  a  pipe  during 

the  process  of  elongation. 

Mastering Preparation  of  lime  used  by  tanners. 

Matrice • The  concave  form  of  a  letter  in  which  the 

types  are  cast. 
Alaximum Is  the  utmost  extent  of  any  movement  or 

power. 

Mechanist One  acquainted  with  the  laws  of  mechanics. 

Mill-head The  heaid  of  water  which  is  to  turn  a  mill. 

Mill-tail The  water  which  has  passed  through  the 

wheel-race  ;  or  is  below  the  mill. 

Minimum.'  •  .• .  • The  reverse  of  maximum. 

Alomentum  . .  • » The  force  possessed  by  matter  in  motion. 

Monkey ••   A  weight  or  mass  of  iron  let  fall  from  % 

height  to  drive  piles  into  the  earth. 

Mortise A  joint. 

Movement The  working  part  of  a  watch  or  clock. 

Nave The   centre,  or  that  part,   of   a   wheel  in 

which  the  spokes  or  arms  are  fixed. 

Nealing Vide  Annealing. 

Nippers Pincers  with    cutting    edges   for    dividing 

metals. 

Nitric  add A  corrosive  acid  extracted  from  nitre. 

^"J* ••••••    Prcparaliou  of  bark  used  by  tanners. 
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Overshoi*wheeL  •*••••  A  v* heel  which  receives  the  water  io  buckets 
at  Dot  more  than  45  degrees  from  tlte 
apex. 

OxytL ••*   A  eoaibluatioa  of  ox jgen  with  a  metallic  or 

^  other  Uase, 

B  Oxygen,  ....» A  gas  which  supports  cotubustion 

™  PaddU  ..•*••••**«••  A  kind  of  oar  j  floats  to  ft  wheel. 

Pa//.  .•••»•  ••  •*•«•.•  A  small  piece  of  metal  which  falls  between 

tthe  Iccth  of  a  rntchet- wheel,  to  prevent  a 
lo:id  which  has  been  raised  from  descending 
when  tlie  ojicrativc  power  is  retiioved. 
Pallets  ••• That  p;irt  of  a  waich  or  clock  cscapemeut  on 

I  which  the  crown-wheel  strikes. 

Peiidiiium *.••..  A  weight  suspeoded  by  a  flexible  cord  to  an 
axis,  80  as  to  swing  backwards  and  for- 
wards, when  once  raised,  by  the  force  of 
gravitation. 

Periphery , » .  *  •  The  circumference  of  a  wheel, 

Perpeudkular, ,  ••.•••  At  right  angles  to  a  given  base« 

Pick ••   A  chiselfor  dressing  the  stones  of  a  flour* 

uiiU. 
Pile  ..«4..«* A  large  piece  of  timber,  poioted  at  one  end, 

»to  drive  into  the  earth  to  sustain  the  piers 
of  bridges,  kc. 

Pin .••    To  strike  a  piece  of  met  a!  with  the  narrow 

end  of  a  hamnier  to  forui  dents  and  pro* 
duce  elongation. 

Pincers A  tool  formed  by  plncing  two  levers  on  one 

K  fnlcnitn,   regulated  by  a  screw-movement^ 

V  for  iiolding  bodies  firmly. 

Pinion  .•»••• A  small  toothed  wheel. 

Pirn , The  w  onnd  yarn  that  is  oil  a  weaver*a  shuttle. 

Piston*^  m ...•.    A  plug  made  to  Bt  tight  »nd  work  up  and 

down  a  cjlioder  in  liydraidic engines. 

PitcIi'tineSt, ••   l^ie  touch iug  circumferences  of  two  wheels 

which  are  to  act  on  each  other, 

PiUh  oflhe  wheel The  distance  from  the  centres  of  two  teeth^ 

_  measured  upon  their  pitch  line. 

■  PivoL  «•...• A  short  shaft  on  whicti  a  body  turns  or  vi* 

■  brates. 

Platina, A  white  metal  capable  of  withstanding  great 

^.  beats. 

B  Plleti  ••» A  small  tool  constructed  similarly  to  pincers. 

^ PUtmb *.«.«..*   A  leaden  weight  snsf>cnded  by  a  cord  to  as* 

certain  the  perpendicular, 
'Pliinger,^^  t^^^  ^^  ^^  ,,   A  body  thut  is  forced  into  a  fluid  in  hydrau- 
lic engines,  to  displace  its  own  weight, 
\lPortitl'ie  steam-engim .  A  steam-eogiue  built  in  a  compact  form. 
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and  not  attached  to  tha  waU  of  tiie  WldU 
tog  in  which  it  works. 

Proportional  circles,  ••   Vide  Pitch-lines. 

Proportional  radii. »».  The  radii  of  two  drcles  whose  circui- 
ferenees  are  in  contact. 

Puddling •  ••••  The  act  of  ramming  with  clay  to  arrest  the 

progress  of  water. 

Puddling'fttmace, » •• .   A  feraaoe  nsed  in  the  iron  mannfactnres. 

Pulley »••  A  small  wheel  over  which  a  strap  is  passed. 

{Quintal. A  French  or  Spanish  weight  eiqnivalent  to 

1  OOlbs.  of  those  respective  nations. 

Rabbit  orEap^it,*  • . » •  The  strong  wooden  spring  against  which  the 
forge  hammer  strikes  on  its  ascent. 

Race.  • •*••••   The  canal  along  which  the  water  is  oonyeyed 

to  and  from  a  water-wheel. 

Rack,  ••*««•••••••••   A  etraight  bar  which  has  teeth  simiUur  to 

those  on  a  toothed  wheel. 

Radii Theploralof  radius. 

Radius The  .semi-diameter  of  a  circle ;  the  ann  or 

spoke  of  a  wheel. 

Rasp,  •; •  A  species  of  file,  on  which  the  cutting  pro- 
minences are  distinct,  being  nosed  by  a 
point  instead  of  an  edge. 

Rasure  .»•• ..••   The  act  of  scraping. 

Ratchm  ••••... A  oar  containing  teeth  into  whidi  the  psli 

drops  to  prevent  machines  running  banT 

RatcheUwheel, .  • A  wheel  having  teeth  similar  to  those  of  s 

ratch. 

Reciprocating, ;,..,,,   Acting  alternately. 

Rectilinear  or  Rectilineal Consisimg  of  right  lines. 

Reed •, Part  of  a  loom  resembling  a  comb  for  divide 

ing  the  warp. 

Regulator, ., ,,  A  small  lever  in  watch-work^  which,  by  be- 
ing moved,  increases  or  decreases  the 
amount  of  the  balance  spring  that  is  al- 
lowed to  act. 

Reel.  .••• ,«   A  frame  on  which  yarn  may  be  wound. 

Reeling ••...«.«    The  act  of  winding  yarn  on  a  reel. 

Resolution  of  Forces,  . .    Vide  "  Of  the  Action  of  Forces,"  page  5. 

Reservoir A  large  basin  or  conservatory  of  water. 

Reverberator^ Beating  back. 

Reverberatory-fumace.    A  furnace  used  in  the  iron  and  copper  mann- 

»  factures. 

Rivet *•••••••••  To  form  a  head  by  the  percussion  of  a  ham- 
mer, to  prevent  a  piece  of  metal  which  has 
been  passed  through  an  orifice,  to  con- 
nect things  together,  from  returning. 

Roller^gin,..  ^  ••••••  A  machine  to  divest  cotton  of  the  husk  and 
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other  superfluous   part<t,  previona  to  tho            ^H 
commencement  of  the  uiaimfacture.                  ^^^^ 

Rowans ..« * 

Ruhler 

. ..   Cotloo  iu  t^littt  part  of  the  nianufacture  be*       ^^^| 

fore  il  goe»  to  the  roving  frame.                            ^H 

,  ••    A  heavy  file  iisfd  for  coaise  work.                                ^H 

Rubbte.  •.. 

•  ••   A  mcideof  btiitciinf  :  vide ^\u&oiirv  DaiFei».37               ^^1 

Rynd. 

Siif^ty'Vtilvc,  * «  •  •  * 

. ..   The  piece  of  iruti  rhat  goes  across  the  bole             ^M 

iu  an  upper  luiU-stoue.                                               ^| 

. ,.  A  valve  uhich  tits  oa  ihe  boiler  of  a  steam-              ^^| 

Sow*jtitt  ••••••••  ■ 

eugiuo  to  gimid  Bgaiiist  accldenrH  by  the             ^| 

5te:im  obtaining  too  high  a  pressure.                       ^K 

«a»    A  machine  on  the  principle  uf  the  roller-irin.             ^^| 

Scantling 

,..    The  length,  broatithj  and  thickness  of  snj'            ^H 

solid  body  takea  lineally.                                         ^H 

»«*    l^ide  Escaperaent.                                                         ^^| 

Scotching  4«  •••»(*■ 

•  •   Ttie   operation   of  pncking  hemp  before   it            ^^| 

Scoria.. 

Sconmng  BarreL,^ 

Scfait'iroHmm  ■...••. 

goes  to  ihe  market.                                             ^^^H 

. .    Slag  from  a  smelting  furnace.                                ^^^H 

...    An   octagonal  or  other   shaped    barrel,  in        ^^^B 

which  scrap-iron,  &c.  is  cleaiuuHi  from  mat             ^| 

by  friction  as  it  revolves.                                        ^U 

i              -. 

m  Strew 

ScribHer-Engine,,* 

Shaft 

factureci.                                                           ^^^| 
•  •    One  of  the  mechanical  powers.                              ^^^H 
...  An  engine  used  in  the  process  of  the  cotton            ^H 

manufacture.                                                             ^H 
,  •   A  long  piece  of  wood  or  tnefaty  on  which             ^^| 

large  wheels  are  hxed  in  mill-work,                       ^M 
A  SQiail  kind  of  pultc^v,                                                      ^^| 

Shoulder ,. 

•  a   A    SUDDOrt  bv  means  of  a  nroiectton  from  a               ^^1 

Shrouding 

Shuiih 

surface.                                                                    ^U 
. ,*  The  boards,   &c.  which  form    buckets   of            ^M 

water-wheels.                                                          ^H 
1..    Ao  arranifeiiieot  to  allow  or  shot  oW  water             ^^1 

Sku 

Slag 

Sledge-hammer  .... 

Slip 

Sluice ,.     « 

from  a  water-wheel  -,    a  small    piece  of             ^M 

wood  which  carries  the  thread  in  weaving.         ^^^H 

.. .    Gelatinous  matter  made  from  animal  or  ve-        ^^^| 

getable  sub^taoces,  and  applied  to  ftbrous        ^^^| 

u»atcrtals  to  impart  St ilFness.                                    ^H 

, .    Scoria,  or  rtfiiae  from  an  iron  furnace.                        ^M 

. .    A  heavy  hammer,  used  by  a  tmith  with  both             ^H 

.. .    Potter  8  clay  of  the  requisite  consistency,            ^^^^ 

SnaiUmovemeni  .... 
Solder 

,.  An  eccentric.                                                         ^^^H 

Other  otetaU  that  are  Icj^s  fusible  than  suck             ^H 
compound.                                                               ^H 

1  ^^H 
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Sparables  From  sparrow-bill^  small  nails  to  driire  inte 

shoes. 
Spatula A  thin  knife^  nsed  mostly  to  extend  snpeiu 

ficially  some  semi-floid  matter. 
Spindle « A  thin  piece  of  wood  or  steel  on  which  yam 

is  wound  after  it  has  been  twisted  :  a  smaD 

kind  of  shaft. 
Spokes The  radial  pieces  which  connect  the  periphe- 
ry of  a  wheel  with  its  centre-piece  or  nave  i 
this  term  is  only  applied  to  carriages. 

Spring An  elastic  body  formed  of  metal  or  wood. 

Spring-arbor The  arbor  or  spring  round  which  the  main 

spring  of  a  watch  is  wound. 

Spring-box, .  • . « The  box  which  contains  the  main  spring. 

Spur-geer • . .   AVheels  whose  axes  are  parallel  to  each  other. 

Splice To  conjoin   lengthwise  two  flexible  pieces : 

by    the  interposition  of  tlieir  respective 

parts,  so  as  to  maintain  them  in  conjmc- 

tion  by  friction. 
Staff". The  teeth  of  a  trundle^  lantern ^    or  wal'' 

lower. 
Slaking'on To  drive  wedges  in  the  bnsh  of  a  wheel  or 

palley,  to  fix  it  firm  ob  a  shaft  or  spiadle. 
Start  or  Strut The  partitions  which  determine  the  form  of 

a  backet  in    an   over-shot  wheel ;    the 

shoulder  or  wrest. 

Staves The  plural  of  staff. 

Steam-boat A  boat  moved  by  steam  power. 

Steam-engine A  machine   for  applying  the  force  of  steam 

to  create  motion. 
Steel-yard  ,,, A  machine  which   denotes  the  weight  of  bo- 
dies by  placing  them  at  different  distances 

from  its  fulcrum. 
Stereotype The  art  of  casting  solid  plates  from  movable 

types,  to  print  from. 
Strike A  thing  used  to  strike  any  thing  level   ia  a 

measure :  the  strickle. 

Strata The  plural  of  stratum. 

Stratum A  single  layer  or  bed  of  any  one  thing. 

Stuff •«••••   This  term  is  applied  to  an  infinite  variety  of 

things  J  wood  is,  by  the  carpenter,  called 

stuff,  so  is  lime  and  hair  by  the  bricklayer, 

and  plaster  by  the  plasterer,  &c. 

Swag ««•••   An  unequal  or  hobbling  motion. 

Swifts The  rapid  movement  in  a  carding  machine. 

Swingling Fide  Scotching. 

Swing-tree Any  beam  that  ribrates. 

Swivel •«.••«.  A  thing  fixed  in  another  body  to  tnm  round 

upoL. 


'Mjfphm  •••« ••••   A  iMSDt  tube  with  unequal  legs  through  which 

a  6uid  will  flow  by  the  force  of  gravity. 
TdU-waier Water  which   impedes  the  water-wheel  in 

mill-work. 

Tank  •  • . . « •  •  • .   Reservoir  for  water,  kc. 

Teasels »«  ^ .  • .  Thistles  used  to  raise  the  nap  of  cloth  in  the 

gig-mill. 

Tenon^*  • That  part  which  fills  up  the  mortise. 

TtU-hafKMtr  m^^m A  hammer  lifted   by  machinery,  to  forge 

iron  or  steel. 
Treadle  ..«•••• A  lever  affixed  to  a  crank  which  comnuni* 

cates   raotron    to  machinery  by   a    foot 

movement. 

Throwstutg Spinning. 

Tnblet ^e  Mandrel. 

Truckles  ..  •.• Small  rollers  for  diminishing  friction. 

Trundle A  small  wheel   with  staff  teeth  3    the  lan- 
tern or  wallower. 
Tuyere  or  Tue^iron.  • .   An  orifice  through  which  a  blast  at  strong 

current  of  air  is  passed  into  forges 

Tympan That  part  of  a  printing-press  on  which  the 

paper  is  laid  to  receive  the  impression. 
Undershot-wheel  .r. . .  •  A  wheel  acted  on  by  water  tielow  its  centre. 

Vacuum,, Void  of  air. 

Valve  ••••• A  cover  to   an  aperture,  in  hydraulic  ma-« 

chines,  to  prevent  fluids  taking  a  wrong 

coarse. 
Vane  .• ••••••••   A  flat  snrface  capable  of  being  moved  by  the 

current  of  a  fluid  j  as,  lor  instance,  the 

vanes  of  a  windmill,  moved  by  the  wind. 
Tappets  •• Ph>jections  on  the  plug-tree  of  a  steam-en- 
gine which  open  and  shut  the  valves  ai 

proper  intervals. 
Varnish  •••.•., A  solution  of  certain  resinous  bodies  in  8pi-< 

rits  or  oils,  which  assumes  a  solid  form  on 

dissication. 
Velocity  •...«•« The  measure  of  quickness  with  which  a  body 

moves. 

Vertical .  • Perpendicular  to  the  horizon. 

Vibration   R»pid  alternating  motion. 

Virtual  head., ^The  real  or  efliectrve  head« 

Vis'inerlia •••..•  Vide  Inertia. 

Wabble A  hobbling  unequal  motion. 

Wdlkwer Small  wheel  with  staff  teeth;  the  trundle 

or  lautern. 
Warp The  layer  of  threads  which    extends  tne 

length  of  the  piece  to  be  woven. 
Washers ..«•   Small  pieces  of  metal  placed  under  a  nut  ta 

reduce  friction. 
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ff^ater'wheel  ••••••••  A  Hbeel  which  receives  its  impulse  (ntti 

water. 

Weathering The  aogle  at  which  the  sails  of  a  windmill 

are  set,  to  r^tve  the  impulse  of  the  wind. 

Wedge Ad  aDgnlarly  shaped  piece  of  wood  or  me- 
tal ;  one  of  the  mechanical  powers. 

Weft FideWoof. 

Weight The  measure  of  the  amount  of  the  attraction 

of  gravitation  in  any  body  compared  with 
that  of  other  bodies. 

Welding ••   The  property  of  conjunction   possessed  by 

some  metals  at  high  temperatures. 

Wheel  and  Ant One  of  the  mechanical  powers. 

WheeUrace The  place  in  which  a  water-wheel  is  fixed. 

Whip  •  •  • To  bind  two  rods  together  with  small  twine : 

the  length  of  the  sail  of  a  windmill  mea- 
sured from  the  axis. 

Whirl ••   A  rotatory  motion  with  a  decreasing  speed. 

Winch •  •  The  lever  or  handle  to  which  force  is  applied 

in  machines  turned  by  manual  labour. 

Wiper •••••••••  An  eccentric. 

fVire-drauf »•••  To  reduce  any  longitudinal  body  exceedingly 

in  the  transverse  section  :  rapid  passage 
of  a  fluid  through  a  conical  orifice. 

Woof, Those  portions  of  thread  or  yarn  in  cloth, 

which  lie  across  the  length  of  the  warp. 

Wrest  or  Wrist  ••«•««  The  partitions  which  determine  the  form  of 
the  bucket  in  an  overshot  wheel ;  the 
start  or  shoulder. 

Yam  •••••••••••«••   The  combination  of  fibrous  materials  into  a 

linear  form  by  torsion. 
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ACCBLBRATBD  MOTION          .      .  3 

Amalgam,  to  gild  copper,  &c.  by,  72:i 
Amalgamation  of  gold,  in  the 

large  way 719 

Amber  Tami«li 741 

Fat,  or  copal 743 

with  essence  of  turpentine  741 

Ancient  statues,  composition  of,  713 

Anti-attrition 755 

Assa^  to,  metallic  ores,        .     .  i^. 

in  the  dry  way           .    .    .  ib. 

in  the  humid  way            .    .  756 

Fluxes ib. 

Black ib. 

Crude  of  white      .    .    .  i'i, 

Cornish  reducing  ...  ib. 

Cornish  refining     ,    ,    .  ib. 

Antimonial  ores    ....  760 

humid  assay  of  arseniated 

antimony       ....  ib. 

Arsenical  ores      ....  ib. 

in  the  humid  way       .    .  761 

Bismuth  ores 769 

in  the  humid  way   .     .     .  760 

Cinnabar,  in  the  humid  way,  763 

Cobalt  ores 761 

in  the  hnmid  way    ...  ib. 

Copper  ores          ....  759 

in  the  humid  way       .    .  ib. 
Gold,  mixed  with  martial 

pyrites,  do 765 

Ores  and  earths  contain- 
ing   764 

Iron  ores 757 

in  the  humid  way        .     .  ib. 

I^eadores 758 

in  the  humid  way        .    .  759 

Manganese  ore     ....  760 

in  the  humid  way        .    .  ib. 

Mercurial  ores      ....  761 

snlphnrated       ....  762 

Nickel  ore        7€1 

in  the  bnnu'd  way       .    .  ib, 

FUted  metals       .    .    .    .  7«4 


Page. 

Assay  to,  Silrer,  to  ascertain  the 

value       76S 

Double  assay  of,    .    .    .  t6« 

Silver  ores        763 

by  cupellation       ,    ,    .  ib, 

in  the  hnmid  way        .     .  763 

Tin  ores 758 

in  the  humid  way        .    •  t^. 

Zinc  ores t6* 

in  the  hnmid  way  .    .    .  ifr. 

Balloons,  to  varnish,     .    .    .  750 

Bark.mill 445 

Barker's  mill 98 

Batter       379 

Bath  metal 707 

Bell  metal 70S 

Bricklaying,  vide  Building 

Britannia  metal ib. 

Bronze 71S 

Composition  of  ancient  statnes  ib, 

for  plaster  figures     .     .    .    ,  731 
Brown's  Vacuum,  or  Pneumatic 

Engine        216 

Building 

Preliminary  Observations      •  539 

Bricks 532 

Cartwright's      ....  536 

CUmpi 533 

Clay-mill ibm 

Kiln 534 

Bricklaying 547 

Mensuration  of  Bricklayers' 

work        550 

Steining  wells       ....  549 
Tables  to  assist  in  calcula- 
tions          •  556 

Walling 547 

English  bond     .    .    .    .  i^ 

Flemish  bond    ....  t6. 

Carpentry       .    .    .    .    i    .  560 
Diefinitionof  aaailiaryraf- 

tera •  57« 

Cambcr-beaa  ^  ttt» 
3  £ 


786  INDEX. 


Page. 
Boildinfc,  Carpfntry 

Cocking,  or  cogging       .  573 

Domes 575 

Joifgles         57S 

KinK.poit 57S 

Niches 577 

Predentive  cradling        .  578 

Polf-nlates 578 

Pnnclieons ib, 

Pnrlines 571 

Kaftera,  auxitiary,     .    .  572 

Common ib. 

Principal       ....  571 

Queen- Pu5t8     ....  572 

Koofii        573 

Straining-beam      .     .     .  572 

Cill ib. 

Struts ib. 

Tifsbeam 571 

Wall-plates       ....  ib. 

Flooring 5G9 

•  Franung    of    centres    for 

groins            .....  568 
Joniing  two  timbers  in  any 

given  direction      .    .    .  563 

by  mortise  and  tenon      .  564 

by  a  notched  joint     .    .  i6. 
of  timbcnt,  with  reference 

to  platA 567 

Mensuration  of  Carpenters' 

work         579 

Partitions 569 

Practical  Observations  .     .  570 

Roofing    ...          .         .  569 

Roofii  definf'd     ....  57:1 

Timbers  inserted  in  wallH   .  568 
Scarfing.  Joining  2  pieces 
of  timber  by  means  ut'  a 

single  step  on  rarh  pierc  561 
Scarf  with  parallel  joints, 
and  a  single   talWe   upon 

each  piore 562 

Scarf  formed  by  several 

t»leps ib. 

Scarf  with  a  bevel  joint  .  ib. 

Scarfs  with  long  bearings  ib. 

Trussing t5. 

Girders  to  sustain  very 

heavy  weightfi    ....  563 

Walls,  limbers  inserted  into,  568 

Glazing C35 

Menfinration    of   Glaziers' 

work        630 

Joinery.  To  construct  the 
surface  of  a  portion  of  a  cy- 
linder, with  wood,  wnen 
the  fibres  are  at  right 
ancles  to  the  axis  of  the  cy- 
linder       586 


Page. 

Bailduig,  Joinery 

To  bend  a  board  so  as  to 
form  the  fhutrnm  of  a  cone, 
or  any  segmental  portion 
of  the  frnstmm  of  a  cone  .  587 
To  glne  Qp  the  shaft  of  a  co* 
Inmn,  supposing  it  to  be  the 
fmstrum  of  a  cone     .    .    .      ib. 

Dovetailing 588 

Best  methods  of  connecting 
pieces  of  wood  so  as  to  form 

an  angle 589 

Measures  customary  in  join- 
ers* work 602 

Doors,  bead  and  flnsh    .     .    590 

Hanging       iK 

Jib 589 

Hand-rails        599 

To  draw  the  scroll      .    .    598 
To  describe  the  section, .    599 

Hinging 591 

Hanging  do)rs,  shutters, 
and  flaps,  with  hinges    .      t6. 
To  hang  2  flaps,  so  that 
when  folded  back,  they 
shall  be  at  a  certain  dis- 
tance fV*om  each  other     .      ib. 
To  make  a  rule-joint  for 
a  windoW'shutter       .     .     59S 
To  form  the  joints  of  stiles 
to  be  hung  together,  when 
the  knuckle  of  the  hinge 
is  placed  on  tlip  contrary 
side  of  the  rebate       .     .      ib. 
To  couKtiuet  a  joint  for 
han^iuK  doors  with  cen- 
tres       ib. 

Sa>h-franies,     sashes     and 

shutters 592 

Stairs 59S 

Bracket 595 

Dog-legged 597 

Geometrical       ....    596 

Ditto 598 

To  draw  the  scroll  of  a 

hand-rail ih. 

To  draw  the  curtail  steps       ib. 
To  find  the  parallel  thick- 
ness of  the  plank    .  .     599 
To  describe  a  section   of 
a  hand-rail   .....      i^. 

Masonry 536 

Arrhini;  .......     541 

Definition    of  arches    and 

vaults 539 

Menburation  of  masons*  work  543 
Masonry.  Walling        ...    537 

Painting 630 

Mensuration  of  Painter**  work  ib. 
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Building 

Plaslering 606 

Coroicea 615 

Finejtnff 611 

Oan^itnff ib. 

Latbiiig. .  ib. 

Lathing,  fkwtiDgy  and  set   .  612 

lathing,  laying,  and  set  •    •  ib. 

Laying    . ib. 

Lime  and  cement      .    .    .  607 

Lime  and  hair       ....  610 

Parker's  cement   .     .    .     .  618 

Plaster  of  Paris    ....  609 

Pricliiug  up 6IS 

Rendering  and  set    .    .     .  613 

Rough  casting      ....  614 

Scagliola 615 

Stncco 617 

Plumbing 628 

Lead       629 

Sheet 6S0 

Covering  roofs  with,    .  633 

Pipes  .......  ib. 

Mensnration  of  plumbers' 

work       635 

Pnmps ib. 

Slating 62] 

Mensuration  of  Slaters'  work  637 

Carpentry,  vide  Building 

Centrifugal  force 4 

Centripetal  force ib. 

Chain  of  backets 86 

Chain  pump 267 

by  Cole ib. 

reversed 86 

Chinese  sheet  lead 527 

Chronometers 507 

Cider-press 291 

Clock    ....     I     ....  486 
with  tliree  wheels  and  two  pi- 
nions, by  Dr.  Franklin       .  490 
by  Fergnson   ...  ib. 
for  exhibitmg  the   apparent 
daily  motions  of  the  sun  and 
moon»  stale  of  the  tides.  See.  492 
Striking  part  of  an  eight  day 

clock 496 

D/scription  of  curious  clocks  497 

Colour  and  indigo  mills    .    .    .  454 

Composition  of  ancient  statues  713 

Copal  varnish,  camphorated,     .  739 

Colouriess. 738 

Ethereal 740 

Fat 737 

Fat  Amber 742 

Gold-coloured 788 

Turpentine     .    .i  .    .    .    .  740 

.  White 731 


Copper,  blanched,  .  .  .  . 
To  gild,  by  amalgam    .    .    . 

Tin 

Cotton  manufacture     .    .    .    . 

Batter 

Jenny  spinning    .    .    .    .    * 

Carding-engine     .    .    .    . 

Jenny     

Roving  Billy 

Mule  spinning 

Bobbin  and  flier  roving- 
frame  

Breaker  carding  engine 

Carding  engine     .    .    .    . 

Drawing 

Finisher  engine    .     .     .     . 

Mule  spinning  frame      .    . 

Roving  frame       .     .    .     . 

Stretching  frame  .    .    .    • 

Picker       

Roller  gin 

Saw  gin 

Water  spinning 

Reel        .     : 

Spinning  frame     .    .    .    . 

Throstle 

Coupling.  Boring  Mill  clutch  . 
Boulton  and  Watt's  coupling 

link V 

Clutches  or  Glands  .    .    .    . 

Self-easing  coupling      .    .     . 

Square,  with  double  bearings . 

ouc  bearing    .    •     . 

Round   

Crane        

by  Bramali 

Fergnson 

Padmore 

Foot 

Movable,  by  Kier  .  .  .  . 
Cycloid,  to  describe  the,      .    . 
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710 
793 
726 
378 
879 
384 
385 
386 
t6. 
379 


380 

ib, 

388 

381 

384 

382 

883 

379 

378 

ib. 

386 

387 

ib, 

ib, 

31 

39 

31 

ib, 

80 

ib. 

ib. 

283 

287 

286 

285 

ib. 

288 

21 


Darwin's  engine 939 

Dearborn's  pump  engine       .     .  244 

De  la  Fayc's  machine       .     .     .  229 

Desagulier's  drawer  and  backet  349 
Describe    to,  the  cycloid  and 

epicycloid 91 

Disengaging   and     reengaging 

machinery 39 

Bayonet 83 

Fast  and  loose  pulley     .    ,    .  ib. 

Friction  clutch 34 

Friction  cone 4b. 

Lever 83 

Self-disengaging  conplmg  95 

Sliding  pidley 83 

Tixhtening  roller     ....  S4 

Dividiog  marhiM  by  Ramsden  315 
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Diyiiig  oil,  rMiooin    .    ,    «    .  7S7 
To  give  a  drjfiog  qaality  to  ^t 

oUs 736 

to  poppy  oil      ....  735 
Drawings  or  writings,  &c.  to 

gild  «n  paper  or.  parchment    .  721 

To  Tarnish 750 

To  prepare  a  composition 
for     making      coloored 
drawings  and  prints  re- 
semble paintings  in  oil    .  750 
Varnish  for  coloured,     .    .  749 
Dressing  boxes,    camphorated 

sandarac  TarniBh  for,     .    .  744 

To  varnish, 747 

Elastic  Gum,  to  dissolve    .    .  732 
Engravings  on  copper,  metallic 

casts  from        712 

Epicycloid,  to  describe        .    .  21 
Equalizing  the  motion  of  machi- 
nery     .  35 

Governor  for  steam-engine  S6 

Water-wheel  .  37 

Ditto    ...  113 

Wind-mill       .  124 

Tacliomftrr  by  Donkin      .  89 

General  Observations    .    .  43 

Escapement        515 

Recoiling 516 

by  Cumiriiiig        517 

for  watch 518 

by  Pryor 519 

Ri'id 521 

Dc  la  Pons 524 


FiLE-cuTTiNo  Machine  ...  314 

Fire-engine  by  Ncwsliam     .     .  277 

by  Rowutree.     .     ,  281 

Flax  manufacture        ....  4CX) 

Brake 401 

Flax-niills         403 

Foot  brake      ..*...  401 

Hackle       402 

Hippling  comb 403 

Spinning  by  Keudrew  and  Co.  405 

Clarke  and  Bugby    •    .    .  ih, 

Flonr-niills 142 

Family  mill  and  bolter  by  Rns- 

tall 158 

by  Smart 160 

Fen  wick's  Tables     ....  148 

Footmill 161 

Hand-mill        160 

Kneading-mill 162 

Mill  stones 144 

ObiervatLons       148 

Flute-key  valves,  metal  for,       .  711 


Floset,  to  assay  by,    .    •    .    .  75C 

Bfaick t6. 

Crude  of  white i6. 

Cornish  reducing      ....  ift. 

Cornish  refining       ....  ib. 

Foils 715 

To  prepare  the  copper      .    .  sfr. 

To  whiten      i^. 

To  colour 716 

Amethyst 717 

Blue t^. 

Eagle  marine       .    .         .    .  i6. 

Garnet       ib» 

Green t*. 

Rnby t6. 

Yellow .     •  «*• 

Other  colours      ......  ib» 

For    crystals^    pebbles,     or 

paste 716 

Force,  centrifugal 4 

Centripetal          it. 

Forces,  of  the  action  of      .    .  1 
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